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JIGS  AND  FIXTURES— PART  I 

CHAPTER  I 

PRINCIPLBS  OP  JIG  AND  FIXTURE  DESIGN* 

Jig8*ai\d  fixtures  may  be  defined  as  special  devices  made  of  cast  iron, 
steel,  or  sometimes  of  wood,  used  in  the  manufacture  of  duplicate  parts 
of  machines,  and  intended  to  make  possible  interchangeable  work  at  a 
reduced  cost,  as  compared  with  the  cost  of  producing  each  machine 
detail  indiyidually.  The  Jigs  and  fixtures  serve  the  purpose  of  hold- 
ing and  properly  locating  a  piece  of  work  while  being  machined,  and 
are  provided  with  necessary  appliances  for  guiding,  supporting,  setting, 
and  gaging  the  tools  In  such  a  manner  that  all  the  work  produced  In 
the  same  Jig  or  fixture  will  be  alike  in  all  respects,  even  with  the 
employment  of  more  or  less  unskilled  labor.  When  using  the  expres- 
sion "alike,"  it  implies,  of  course,  simply  that  the  pieces  will  be  near 
enough  alike  for  the  purposes  for  which  the  work  being  machined  is 
intended.  Thus,  for  certain  classes  of  work,  wider  limits  of  variation 
will  be  permissible  without  affecting  the  proper  use  of  the  piece  being 
machined,  while  In  other  cases,  the  limits  of  variation  will  be  so  small 
as  to  make  the  expression  "perfectly  alike"  literally  true. 

Objects  of  Jigs  and  Fixtures 

The  main  object  of  using  Jigs  and  fixtures  is,  of  course,  the  reduction 
of  the  cost  of  machines  or  machine  details  being  built  or  made  in 
great  number.  This  reduction  of  cost  is  obtained  In  consequence  of 
the  Increased  rapidity  with  which  the  machines  may  be  built,  and  on 
account  of  the  employment  of  cheaper  labor,  which  is  possible  when 
using  tools  for  interchangeable  manufacturing.  Another  purpose 
however,  not  less  important,  is  the  accuracy  with  which  the  work  can 
be  produced,  making  it  possible  to  assemble  the  pieces  produced  in 
Jigs  without  any  great  amount  of  work  in  the  assembling  department, 
thus  also  effecting  a  great  saving  in  this  respect. 

The  use  of  Jigs  and  fixtures  practically  does  away  with  the  fitting, 
as  this  expression  was  understood  in  the  old-time  shop;  it  eliminates 
cut-and-try  methods,  and  does  away  with  the  so-called  patch  work  in 
the  production  of  machinery.  It  makes  it  possible  to  have  all  the 
machines  turned  out  in  the  shop  according  to  the  drawings,  a  thing 
which  Is  rather  diflicult  to  accomplish  if  each  individual  machine  in 
a  large  lot  Is  built  without  reference  to  the  other  machines  in  the 
same  lot 

The  Interchangeability  obtained  by  the  use  of  Jigs  and  fixtures 
makes  it  also  an  easy  matter  to  quickly  replace  broken  or  worn-out 
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parts  without  great  additional  cost  and  trouble.  When  machines  are 
built  on  the  individual  plan,  it  is  necessary  to  send  somebody  from 
the  shop  where  the  machine  was  built  to  the  place  where  it  is  installed, 
in  order  to  fit  the  part  replacing  the  broken  or  worn-out  piece,  in 
place,  and  this  would,  in  a  great  many  cases,  involve  considerable 
extra  expense,  not  to  mention  the  delay  and  the  difficulties  occasioned 
thereby. 

As  previously  mentioned,  Jigs  and  fixtures  permit  the  employment 
of  practically  unskilled  labor.  There  are  a  great  many  operations  in 
the  building  of  a  machine,  which,  if  each  machine  were  built  indi- 
vidually, without  the  use  of  special  tools,  would  require  the  i^ork  of 
expert  machinists  and  toolmakers.  Special  tools,  in  the  form  of  jigs 
and  fixtures,  permit  equally  good,  or,  in  some  cases,  even  better 
results  to  be  obtained  by  a  much  cheaper  class  of  labor,  provided  the 
jigs  and  fixtures  are  properly  designed  and  correctly  made.  Another 
possibility  for  saving,  particularly  in  the  case  of  drill  and  boring  jigs 
provided  with  guide  bushings  in  the  same  plane,  is  met  with  in  the 
fact  that  such  Jigs  are  particularly  adapted  to  be  used  in  multiple 
spindle  drills,  thereby  still  more  increasing  the  rapidity  with  which 
the  work  may  be  produced,  and^  at  the  same  time,  making  the  machine 
extremely  productive,  so  as  to  reduce  the  shop  cost  of  this  machine 
to  a  minimum.  In  shops  where  a  great  amount  of  duplicate  parts  are 
made,  containing  a  number  of  drilled  holes,  multiple  spindle  drills 
of  complicated  design,  which  may  be  rather  expensive  as  regards  first 
cost,  are  really  cheaper,  by  far,  than  ordinary  simple  drill  presses. 

Another  point  of  advantage  which  has  been  gained  by  the  use  of 
jigs  and  fixtures,  and  which  should  not  be  lost  sight  of  in  the  enum- 
eration of  the  points  in  favor  of  building  machinery  by  the  use  of 
special  tools,  is  that  the  details  of  a  machine  that  has  been  provided 
with  a  complete  equipment  of  accurate  and  durable  jigs  and  fixtures 
can  all  be  finished  simultaneously  in  different  departments  of  a  large 
factory,  without  inconvenience,  thus  making  it  possible  to  assemble 
the  machine  at  once  after  receiving  the  parts  from  the  different  depart- 
ments; and  there  is  no  need  of  waiting  for  the  completion  of  one  part 
into  which  another  is  required  to  fit,  before  making  this  latter  part. 
This  gain  in  time  means  a  great  deal  to  a  manufacturing  concern  in 
cases  where  the  orders  are  coming  in  with  great  rapidity,  so  as  to 
require  the  utmost  speed  in  production.  This  rapidity  was  entirely 
impossible  under  the  old-time  system  of  machinery  building,  when 
each  part  had  to  be  made  in  the  order  in  which  it  went  on  the  finished 
machine,  and  each  consecutive  part  had  to  be  lined  up  with  each  one 
of  the  previously  made  and  assembled  details.  Brackets,  bearings,  etc., 
had  to  be  drilled  in  place,  often  with  ratchet  drills,  which,  of  course, 
was  a  slow  and  always  inconvenient  operation. 

Difference  between  Jigs  and  Fixtures 
To  exactly  define  the  word  "jig,"  as  considered  apart  from  the  word 
"fixture,"  is  rather  difficult,  as  the  difference  between  a  jig  and  a  fixture 
is  oftentimes  not  very  easy  to  decide.    The  word  jig. is  frequently. 
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althousb  incorrectly,  applied  to  any  kind  of  a  work-holding  appliance 
used  in  the  building  of  machinery,  the  same  as,  in  some  shops,  the 
word  fixture  is  applied  to  all  kinds  of  special  tools.  As  a  general 
rule,  however,  we  can  say  that  a  jig  is  a  special  tool,  which,  while  it 
holds  the  work,  or  is  held  on  the  work,  at  the  same  time  also  contains 
guides  for  the  respective  tools  to  be  used,  whereas  a  fixture  is  only  hold- 
ing the  work  while  the  cutting  tools  are  performing  the  operation  on 
the  piece,  without  containing  any  special  arrangements  for  guiding 
these  tools.  The  fixture,  therefore,  must,  itself,  be  securely  held  or  fixed 
to  the  machine  on  which  the  operation  is  performed,  hence  the  name. 
A  fixture,  however,  may  sometimes  be  provided  with  a  number  of 
gages  and  stops,  although  it  does  not  contain  any  special  devices  for 
the  guiding  of  the  tools. 

The  definition  given,  in  a  general  way,  would  therefore  define  Jigs 
as  special  tools  used  particularly  in  drilling  and  boring  operations, 
while  fixtures,  in  particular,  would  be  those  special  tools  used  on 
milling  machines,  and  In  some  cases,  on  planers,  shapers,  and  slotting 
machines.  Special  tools  used  on  the  lathe  may  be  either  of  the  nature 
of  jigs  or  fixtures,  and  sometimes  the  special  tool  Is  actually  a  combina- 
tion of  both,  in  which  case  the  expression  drilling  fixture,  boring  fix- 
ture, etc.,  is  in  place. 

Fundamental  Principles  of  Jig  Design 

Before  entering  upon  a  discussion  of  the  minor  details  of  the  design 
of  jigs  and  fixtures,  we  will  briefly  outline  the  fundamental  principles 
of  jig  and  fixture  design.  Whenever  a  special  tool  is  made  up  for  a 
component  part  of  a  machine,  it  is  almost  always  required  that  a 
corresponding  jig  be  made  up  for  the  place  on  the  machine,  or  other 
part,  where  the  first-mentioned  detail  is  placed.  It  is,  of  course,  abso- 
lutely necessary  that  these  two  jigs  be  perfectly  alike,  as  to  the  loca- 
tion of  guides  and  gage  points.  In  order  to  get  the  holes  and  guides 
in  the  two  jigs  in  perfect  alignment,  it  is  advlsablf,  and  almost  always 
cheaper  and  quicker,  to  transfer  the  holes  or  the  gage  points  from  the 
first  jig  made,  to  the  other.  In  many  instances,  it  is  possible  to  use 
the  same  jig  for  both  parts.  Instances  where  the  one  or  the  other  of 
these  principles  is  applicable  will  be  shown  later  in  the  detailed  de- 
scriptions of  drill  and  boring  jigs.  There  are  also  cases  where  it 
is  not  advisable  to  make  up  two  jigs,  one  for  each  of  the  two  parts,  which 
are  to  fit  together.  It  may  be  that  it  is  impossible  to  properly  locate 
the  jig  on  one  of  the  parts  to  be  drilled,  or  it  may  be  that  if  the  jig 
were  made,  it  would  be  so  complicated  that  it  would  not  be  economical. 
Under  such  conditions  the  component  part,  itself,  may  be  used  as  a 
jig,  and  the  respective  holes  or  slots  in  this  part  used  as  guides  for 
the  tools  when  machining  the  machine  details  into  which  it  fits.  Guide 
bushings  for  the  drills  and  boring  bars  may  then  be  placed  in  the  holes 
in  the  component  part  itself.  In  many  cases,  drilling  and  boring  opera- 
tions are  also  being  done,  to  great  advantage,  by  using  the  brackets  and 
bearings  already  assembled  and  fastened  onto  the  machine  body  as 
guides. 
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One  of  the  most  important  questions  to  be  decided  before  making  a 
Jig  is  the  amount  of  money  which  can  be  expended  on  a  special 
tool  for  the  operation  required.  In  many  cases,  it  is  possible  to  get  a 
highly  efficient  tool  by  making  it  more  complicated  and  more  expensive, 
whereas  a  less  efficient  tool  may  be  produced  at  very  small  expense. 
To  decide  which  of  these  two  types  of  Jigs  and  fixtures  should  be 
designed  in  each  individual  case  depends  entirely  on  the  circumstances. 
In  any  well-managed  shop  there  should  be  a  careful  comparison  of 
the  present  cost  of  carrying  out  a  certain  operation,  the  expected  cost 
of  carrying  out  the  same  operation  with  an  efficient  tool,  and  the  cost 
of  building  that  tool  Itself.  Unless  this  is  done,  it  is  likely  that  the 
shop  is  burdened  with  a  great  number  of  special  tools  and  fixtures 
which,  while  they  may  be  very  useful  for  the  production  of  the  parts 
for  which  they  are  Intended,  actually  involve  a  loss.  It  is  readily  seen 
how  foolish  it  is  to  make  up  an  expensive  Jig  and  fixture  for  a  machine 
or  a  part  of  a  machine,  that  would  only  have  to  be  duplicated  a  few 
times.  In  some  cases,  of  course,  there  may  be  a  gain  in  using  special 
devices  in  order  to  get  extremely  good  and  accurate  results. 

Locating  and  Clamping  Devices 

Regarding  the  design  of  the  Jig,  the  most  important  requirements 
are  that  good  facilities  be  provided  for  locating  the  work,  and  that 
the  piece  to  be  machined  may  be  easily  inserted  and  quickly  taken 
out  of  the  Jig,  so  that  no  unnecessary  time  is  wasted  in  placing  the 
work  in  position  on  the  machine  performing  the  work.  In  some  cases, 
a  longer  time  is  required  for  locating  and  binding  in  place,  the  piece 
to  be  worked  upon,  than  is  required  for  the  actual  machine  opera- 
tion itse)f.  In  all  such  cases  the  machine  performing  the  work  is 
actually  idle  the  greater  part  of  the  time,  and,  added  to  the  loss  of 
the  operator's  time,  is  the  increased  expense  for  shop  cost.  Incurred  by 
such  a  condition.  For  this  reason,  the  question  of  locating  and  bind- 
ing the  work  in  place  quickly,  and  at  the  same  time  accurately,  should 
be  carefully  studied  by  the  designer  before  any  attempt  to  design  the 
tool  is  made.  In  choosing  the  locating  surface  or  points  of  the  piece 
or  part,  consideration  must  be  given  to  the  facilities  for  locating  the 
corresponding  part  of  the  machine  in  a  similar  manner.  It  is,  of 
course,  highly  important  that  this  be  done,  as  otherwise,  although  the 
Jigs  may  be  alike,  as  far  as  their  guiding  appliances  are  concerned, 
there  may  be  no  facility  for  locating  the  corresponding  part  in  the 
same  manner  as  the  one  already  drilled,  and  while  the  holes  drilled 
thus  may  coincide,  other  surfaces  also  required  to  coincide  may  be  con- 
siderably out  of  line.  For  this  reason,  one  of  the  main  principles  of 
location  is  that  two  component  parts  of  the  machine  should  be  located 
from  corresponding  points  and  surfaces. 

If  possible,  special  arrangements  should  be  made  in  the  design  of 
the  Jig  so  that  it  is  impossible  to  insert  the  piece  in  any  but  the 
correct  way.  Mistakes  are  often  made  on  this  account  in  shops  where 
a  great  deal  of  cheap  help  is  used,  pieces  being  placed  in  Jigs  upside 
down,  or  in  some  way  other  than  the  correct  one,  and  work  that  has 
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been  previously  machined  at  the  expenditure  of  a  great  deal  of  time,  is 
entirely  spoiled.  Therefore,  whenever  possible,  a  jig  should  be  made 
"fool-proof." 

When  the  work  to  be  machined  varies  in  shape  and  size,  as,  for 
instance,  in  the  case  of  rough  castings,  it  is  necessary  to  have  at  least 
some  of  the  locating  points  adjustable,  and  placed  so  that  they  can  be 
easily  reached  for  adjustment,  but,  at  the  same  time,  so  fastened  that 
they  are,  to  a  certain  extent,  positive.  In  the  following  chapters 
different  kinds  of  adjustable  locating  points  will  be  described  in  detail. 
The  strapping  or  clamping  arrangements  should  be  as  simple  as  pos- 
sible, without  sacrificing  effectiveness,  and  the  strength  of  the  clamps 
should  be  such  as  to  not  only  hold  the  piece  firmly  in  place,  but  also 
to  take  the  strain  of  the  cutting  tools  without  springing  or  "giving." 

When  designing  the  jig,  the  direction  in  which  the  strain  of  the 
tool  or  cutters  acts  upon  the  work  should  always  be  considered,  and  the 
clamps  so  placed  that  they  will  have  the  highest  degree  of  strength  to 
resist  the  pressure  of  the  cut. 

The  main  principles  in  the  application  of  clamps  to  a  jig  or  fixture 
are  that  they  should  be  convenient  for  the  operator,  quickly  operated, 
and,  when  detached  from  the  work,  still  connected  with  the  Jig  or 
fixture  itself,  so  as  to  prevent  the  Operator  from  losing  them,  or,  at 
least,  from  losing  time  hunting  for  them.  Many  a  time,  looking  for 
lost  straps,  clamps,  screws,  etc.,  causes  more  delay  In  shops  than  the 
extra  cost  sometimes  incurred  in  designing  a  jig  or  fixture  somewhat 
more  complicated,  in  order  to  make  the  binding  arrangement  an 
integral  part  of  the  fixture  itself.  Great  complication  in  the  clamping 
arrangements,  however,  is  not  advisable.  Usually  clamping  arrange- 
ments of  this  kind  work  very  well  when  the  fixture  Is  new,  but  as  the 
various  parts  become  worn,  complicated  arrangements  are  more  likely 
to  get  out  of  order,  and  the  extra  cost  incurred  in  repairing  often  out- 
weighs the  temporary  gain  In  quickness  of  operation. 

Some  of  the  principles  mentioned  may  seem  contradictory,  and  in 
fact  they  are.  There  is,  therefore,  all  the  more  reason  to  refer  to  the 
fact  that  the  judgment  of  the  designer  is,  in  every  case,  the  most  im- 
portant point  in  the  design  of  jigs  and  fixtures.  Definite  rules  for  all 
cases  cannot  be  given.  General  principles  can  be  studied,  but  the 
eflaciency  of  the  Individual  tool  will  depend  entirely  upon  the  Judgment 
of  the  tool  designer  in  applying  the  general  principles  of  tool  design  to 
the  case  in  hand. 

When  designing  the  Jig  or  fixture,  the  locating  and  bearing  points  for 
the  work,  and  the  location  of  the  clamps  must  also  be  so  selected  that 
there  is  as  little  liability  as  possible  of  springing  the  piece  or  Jig,  or 
both,  out  of  shape,  when  applying  the  clamps.  The  springing  of  either 
the  one  or  the  other  part  will,  of  course,  cause  incorrect  results  when 
the  piece  is  taken  out  of  the  Jig,  as  the  work  surfaces  will  be  out  of 
alignment  with  the  holes  drilled  or  the  faces  milled.  The  clamps  or 
straps,  should  therefore,  as  far  as  it  is  possible,  be  so  placed  that 
they  are  exactly  opposite  some  bearing  point  or  surface  on  the  work. 
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The  designer  must  use  his  judgment  in  regard  to  the  amount  of 

metal  put  into  the  jig  or  fixture.     It  is  desirable  to  make  these  tools 

as  light  as  possible  in  order  that  they  may  be  easily  handled,  be  of 

smaller  size,  and  cost  less  in  regard  to  the  amount  of  material  used 

for  their  making,  but,  at  the  same  time,  it  is  poor  economy  to  sacrifice 

any   of   the    rigidity   and   stiffness   of   the    tool,    as    this    is    one    of 

the  main  considerations  for  efficient  results.    On  large-sized  jigs  and 

fixtures,  it  is  possible  to  core  out  the  metal  in  a  number  of  places, 

without  decreasing,  in  the  least,  the  strength  of  the  jig  itself.    The 

corners  of  jigs  and  fixtures  should  always  be  well  rounded,  and  all 

burrs  and  sharp  edges  filed  off,  so  as  to  make  them  convenient  and 

pleasant  for  handling.    Smaller  jigs  should  also  be  made  with  handles 

in  "proper  places,  so  that  they  may  be  held  in  position  while  working, 

if  it  be  a  drilling  jig,  and  also  for  convenience  in  moving  the  jig 

about. 

Jigs  Provided  with  Feet 

Ordinary  drill  jigs  should  always  be  provided  with  feet  or  legs  on  all 
sides  which  are  opposite  the  holes  for  the  bushings,  or  other  provisions 
for  guiding  the  tools,  so  that  the  jig  can  be  placed  square  on  the 
table  of  the  machine.  These  feet  also  greatly  facilitate  the  making 
of  the  jig,  making  it  much  easier  to  lay  out  and  plane  the  different 
finished  surfaces.  On  the  sides  of  the  jig,  where  no  feet  are  required, 
if  the  body  is  made  from  a  casting,  it  is  of  advantage  to  have  small 
lugs  projecting  out,  for  bearing  surfaces  when  laying  out  and  planing. 
While  jigs  are  most  commonly  provided  with  four  feet  on  each  side, 
in  some  cases  it  is  sufficient  to  provide  the  tool  with  only  three  feet, 
but  care  should  be  taken  in  either  case  that  all  bushings  and  places 
where  pressure  will  be  applied  to  the  topi  are  placed  inside  of  the 
geometrical  figure  obtained  by  connecting,  by  lines,  the  points  of  loca- 
tion for  the  feet. 

While  it  may  seem  that  three  feet  are  preferable  to  use,  because 

the  jig  will  then  always  obtain  a  bearing  on  all  the  three  feet,  which 

it  would  not  with  four  feet,  if  the  table  of  the  machine  were  not 

absolutely   plane,  it  is  not  quite  safe  to  use  the  smaller  number  of 

supports,  because  a  chip  or  some  other  object  is  liable  to  come  under 

one  foot,  and  throw  the  jig  and  the  piece  out  of  line,  without  this  being 

noticed  by  the  operator.    If  the  same  thing  happens  to  a  jig  with  four 

feet,  it  will  rock,  and  Invariably  cause  the  operator  to  notice  the  defect. 

If  the  table  is  out  of  true,  this  defect,  too,  will  be  noticed  for  the  same 

reason. 

General  Remarks  on  Jig  Design 

One  mistake,  quite  frequently  made,  is  giving  too  little  clearance 
between  the  piece  to  be  machined  and  the  walls  or  sides  of  the  jig 
used  for  it.  Plenty  of  clearance  should  always  be  allowed,  particularly 
when  rough  castings  are  being  drilled  or  nxachined  in  the  jigs;  besides, 
those  surfaces  in  the  Jig  which  do  not  actually  bear  upon  the  work, 
are  likely  to  be  made  up  with  some  slight  variation  from  the  dimen- 
sions on  the  drawing,  particularly  in  a  cast  iron  jig,  and  allowance 
ought  to  be  made  for  such  differences. 
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In  regard  to  the  locating  points.  It  ought  to  be  remarked  that.  In  all 
instances,  these  should  be  visible  to  the  operator  when  placing  the 
work  in  position,  so  that  he  may  be  enabled  to  see  that  the  work  really 
is  in  its  right  place.  At  times  the  construction  of  the  piece  to  be 
worked  upon  may  prevent  a  full  view  of  the  locating  points.  .  In  such  a 
case  a  cored  or  drilled  hole  in  the  jig,  near  the' locating  seat,  will 
enable  a  view  of  same,  so  that  the  operator  may  either  see  that  the 
work  rests  upon  the  locating  point,  or,  if  the  work  be  very  particular, 
so  that  he  can  get  a  feeler  or  thickness  gage  between  the  work  and 
the  locating  surface,  to  make  sure  that  he  has  got  the  work  in  its 
correct  position.  Another  point  that  should  not  be  overlooked  is  that 
Jigs  and  fixtures  should  be  designed  with  a  view  of  making  them  easily 
cleaned  from  the  chips,  and  provision  should  also  be  made  so  that  the 
chips,  as  far  as  possible,  may  fall  out  of  the  jig  and  not  accumulate 
on  or  about  the  locating  points,  where  they  are  liable  to  throw  the 
work  out  of  its  correct  position,  and  consequently  spoil  the  piece. 

The  principles  so  far  referred  to  have  all  been  in  relation  to  the 
holding  of  the  work  in  the  jig,  and  the  general  design  of  the  jig  for 
producing  accurate  work.  Provisions,  however,  should  also  be  made 
for  clamping  the  jig  or  fixture  to  the  table  of  the  machine.  In  cases 
where  it  is  necessary  to  have  the  tool  fixed  while  in  operation.  Small 
drilling  jigs,  for  instance,  are  not  clamped  to.  the  table,  but  boring  jigs, 
and  milling  and  planing  fixtures  invariably  have  to  be  firmly  secured 
to  the  machine  on  which  they  are  employed.  Usually  plain  lugs,  pro- 
jecting out  in  the  same  plane  as  the  bottom  of  the  jig,  or  lugs  with  a 
slot  in  them  to  fit  the  body  of  Tbolts,  are  the  common  means  for 
clamping  fixtures  to  the  table.  For  boring  jigs,  it  is  unnecessary  to 
provide  more  than  three  such  clamping  points,  as  a  greater  number  is 
likely  to  cause  some  springing  action  in  the  fixture.  A  slight  springing 
effect  is  almost  unavoidable,  no  matter  how  strong  and  heavy  the  jig 
is,  but,  by  properly  applying  the  clamps,  it  is  possible  to  limit  this 
springing  to  so  small  a  limit  as  to  permit  it  to  be  commercially  dis- 
regarded. 

When  jigs  are  made,  before  they  are  used,  they  should  always  be 
tested  80  as  to  make  sure  that  the  guiding  provisions  are  placed  in  the 
right  relation  to  the  locating  points  and  in  proper  relation  to.  each 
other. 

Summeury  of  Principles  of  Jig  Design 

Summarizing  the  principles  referred  to  in  the  previous  discussion, 
we  may  state  the  following  rules  as  being  the  main  points  to  be  con- 
sidered in  the  designing  of  jigs  and  fixtures: 

1.  Before  planning  the  design  of  a  tool,  compare  the  cost  of  produc- 
tion of  the  work  with  present  tools  with  the  expected  cost  of  pro- 
duction, using  the  tool  to  be  made,  and  see  that  the  cost  of  building 
is  not  in  excess  of  expected  gain. 

2.  Before  laying  out  the  jig  or  fixture,  decide  upon  the  locating 
points  and  outline  a  clamping  arrangement. 

3.  Make  all  clamping  and  binding  devices  as  quick-acting  as  possible. 
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4.  In  selecting  locating  points,  see  that  t\^o  component  parts  of  a 
machine  can  be  located  fcom  corresponding  points  and  surfaces. 

5.  Make  the  jig  "fool-proof,"  that  Is,  arrange  it  so  that  the  work 
cannot  be  inserted  except  in  the  correct  way. 

6.  For  rough  castings,  make  s(mie  of  the  locating  points  adjustable'. 

7.  Locate  clamps  so  that  they  will  be  in  the  best  position  to  resist 
the  pressure  of  the  cutting  tool,  when  at  work. 

•  8.    Make,  if  possible,  all  clamps  integral  parts  of  the  jig  or  fixture. 

9.  Avoid  complicated  clamping  arrangements,  which  are  liable  to 
wear  or  get  out  of  order. 

10.  Place  all  clamps  as  nearly  as  possible  opposite  some  bearing 
point  of  the  work  to  avoid  springing. 

11.  Gut  out  all  unnecessary  metal,  making  the  toots  as  light  as 
possible  consistent  with  rigidity  and  stiffness. 

12.  Round  all  corners. 

13.  Provide  handles  wherever  these  will  make  the  handling  of  the 
jig  more  convenient. 

14.  Provide  feet,  preferably  four,  opposite  all  surfaces  containing 
guide  bushings  in  drilling  and  boring  jigs. 

15.  Place  all  bushings  inside  of  the  geometrical  figure  formed  by 
connecting  the  points  of  location  of  the  feet. 

16.  Provide  abundant  clearance,  particularly  for  rough  castings. 

17.  Make,  if  possible,  all  locating  points  visible  to  the  operator 
when  placing  the  work  In  position. 

18.  Provide  holes  or  escapes  for  the  chips. 

19.  Provide  clamping  lugs,  located  so  as  to  prevent  springing  of  the 
fixture,  on  all  tools  which  must  be  held  to  the  table  of  the  machine 
while  in  use,  and  tongues  for  the  slots  in  the  tables  in  all  milling  and 
planing  fixtures. 

20.  Before  using  in  the  shop,  for  commercial  purposes,  test  all  jigs 
as  soon  as  made. 

The  two  principal  classes  of  jigs  are  drill  jigs  and  boring  jigs.  Fix- 
tures  may  be  grouped  as  milling,  planing,  and  splining  fixtures,  al- 
though there  are  a  number  of  special  fixtures  which  could  not  be  clas- 
sified under  any  special  head. 
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BUSHINGS  FOR  DRILL  JIGS* 

Drill  jigs  are  intended  exclusively  for  drilling,  reamitfg,  tapping  and 
facing.  Whenever  these  four  operations  are  required  on  a  piece  of 
work,  it  is,  as  a  rule,  possible  to  provide  the  necessary  arrangements 
for  performing  all  these  operations  in  one  and  the  same  Jig.  Some- 
times separate  jigs  are  made  for  each  one  of  those  operations,  but  it 
is  doubtless  more  convenient  and  cheaper  to  have  one  jig  do  for  all, 
as  the  design  of  the  jig  will  not  be  much  more  complicated.  Although 
it  may  be  possible  to  make  a  distinction  between  a  number  of  different 
types  of  drill  jigs,  it  is  almost  impossible  to  define  and  to  get  proper 
names  for  the  various  classes,  owing  to  the  gieat  yarlety  of  shapes  of 


Flff.  1.    Typical  Open  Drill  Jig  for  Qe*r  Guard 

the  work  to  be  drilled.  There  are,  however,  two  general  types  that 
are  most  commonly  used,  the  difference  between  which  Is  really  very 
'  noticeable  at  sight.  These  types  may  be  classified  as  open  jigs  and 
closed  jigs,  or  box  jigs.  Sometimes  the  open  jigs  are  called  clamping 
Jigs,  although  It  Is  difficult  to  see  a  good  reason  for  this  name.  The 
open  jigs  usually  have  all  the  drill  bushings  In  the  same  plane,  parallel 
With  one  another,  and  are  not  provided  with  loose  or  removable  walls 
or  leaves,  thereby  making  It  possible  to  Insert  the  piece  to  be  drilled 
without  any  manipulation  of  the  parts  of  the  Jig.  These  Jigs  are  often 
of  such  a  construction  that  they  are  applied  to  the  work  to  be  drilled, 
the  Jig  being  placed  on  the  work,  rather  than  the  work  being  placed 
In  the  jig.    The  work  Is  held  to  the  jig  (or  the  jig  to  the  work)   by 


•  Machinery,  April  and  May,  1008. 


Digitized  by  VjOOQ iC 


12 


No.  41— JIGS  AND  FIXTURES 

2   show    types  of   open 


straps,   hook   bolts   or   clamps.    Figs.    1    and 
drill  jigs. 

The  closed  drill  jigs,  or  box  jigs,  frequently  resemble  some  form  of 
a  box,  and  are  intended  for  pieces  where  the  holes  are  to  be  drilled  at 


Flff.  a.    Open  Drill  Jig,  showlBff  Commonly  Used  Deaiffn  . 

various  angles  to  one  another.  As  a  rule,  the  wails  are  solid  with  the 
face  of  the  jig,  and  the  piece  to  be  drilled  can  be  inserted  only  after 
one  or  more  leaves  or  covers  have  been  swung  out  of  the  way.  Some- 
times it  is  necessary  to  remove  a  loose  wall,  which  is  held  by  screws 


^YA'/ 


¥ig.  8.    Closed  Drill  Jl^,  snowloff  Leaf  opened 

and  dowel  pins,  in  order  to  locate  the  piece  in  the  jig.    The  work  in 
the  closed  drill  jig  is  generally  held  in  place  by  set-screws  and  some- 
times by  screw  bushings,  as  well  as  by  straps  and  hook  bolts.     Fig.  3 , 
shows  an  example  of  a  typical  closed  jig.    Another  type  of  closed  jig 
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is  exemplified  in  a  combination  of  drill  and  boring  jigs,  designed  to 
serve  both  for  drilling  and  boring  operations. 

Before  designing  a  combination  drill  and  boring  jig,  the  relation 
between,  and  number  of,  the  drilled  and  bored  holes  must  be  taken  into 
consideration,  and  also  the  size  of  the  piece  to  be  machined.  In  case 
there  is  a  great  number  of  holes,  it  may  be  of  advantage  to  have  two 
or  even  more  jigs  for  the  same  piece,  because  it  makes  it  easier  to 
design  and  make  the  jig,  and  very  likely  will  give  a  better  result.  The 
holes  drilled  or  bored  in  the  first  jig  may  be  used  as  a  means  for  locat- 
ing the  piece  in  the  jigs  used  later  on.  It  is  plain  that  combination 
drill  and  boring  jigs  are  not  very  well  adapted  for  pieces  of  large  size. 
In  Fig.  4  is  shown  a  typical  combination  jig,  where  the  bushings  for 
guiding  the  drills  are  indicated  in  the  bottom  surface,  the  work  upon 


Flff.  4.    Oombinatlon  DrlU  and  Boring  Jiff 

which  the  operations  are  performed  being  shown  at  the  left-hand  side 
in  the  cut. 

Guiding  the  Drill 

The  guides  for  the  cutting  tools  in  a  drill  jig  take  the  form  of  con- 
centric steel  bushings,  which  are  hardened  and  ground  and  placed  in 
the  jig  body  in  proper  positions.  The  bushings  may  be  either  sta- 
tionary or  removable;  the  latter,  in  the  shop,  are  usually  termed 
loose  bushings.  The  most  common,  and  the  preferable  form  for  the 
stationary  bushing  is  shown  in  Fig.  5.  This  bushing  is  straight  both 
on  the  Inside  and  on  the  outside,  excepting  that  the  upper  corners  A 
on  the  inside  are  given  a  liberal  radius,  so  as  to  allow  the  drill  to 
enter  the  hole  easily,  while  the  corners  B  at  the  lower  end  of  the 
outside  are  slightly  rounded  for  the  purpose  of  making  it  easier  to 
drive  the  bushing  into  the  hole,  when  making  the  jig,  and  also  to  pre- 
vent the  sharp  comer  on  the  bushing  from  cutting  the  metal  in  the 
hole  into  which  the  bushing  is  driven. 
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When  removable  bushings  are  used,  they  should  never  be  placed 
directly  in  the  jig  hody  unless  the  jig  is  to  be  used  only  a  few  times, 
but  the  jig  should  always  be  provided  with  a  lining  bushing.  This  lin- 
ing bushing  is  always  made  of  the  form  shown  in  Fig.  5.  If  the  hole 
bored  in  the  jig  body  receives  the  loose  or  removable  bushing  directly, 
the  inserting  and  removing  of  the  bushing,  if  the  jig  is  frequently  used, 
would  soon  wear  the  walls  of  the  hole  in  the  jig  body,  and  after  a  while 
the  jig  would  have  to  be  replaced,  or  at  least  the  hole  would  have  to  be 
bored  out,  and  a  new  removable  bushing  made  to  fit  the  larger-sized 
hoe  resulting.  .In  order  to  overcome  this,  the  hole  in  the  jig  body  is 
bored  out  large  enough  to  receive  the  lining  bushing  referred  to,  which 
is  driven  in  place.  This  lining  bushing  then,  in  turn,  receives  the 
loose  bushing,  the  outside  diameter  of  which  closely  fits  the  inside 
diameter  of  the  lining  bushing,  as  shown  in  Fig.  6,  in  which  A  is  the 
jig  body,  B  the  lining  bushing,  and  C  the  loose  busliing.  Both  of  these 
bushings  are  hardened  and  ground  so  that  they  will  stand  constant 
use  and  wear  for  some  length  of  time.     When  no  removable  bushings 
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are  required,  the  lining  bushing  itself  becomos  the  drill  bushing  or 
reamer  bushing,  and  the  inside  diameter  of  the  lining  bushing  will 
then  fit  the  cutting  tool  used.  The  bushing  shown  in  Fig.  5  is  cheaper 
to  make,  and  will  work  fully  as  well  when  driven  in  place  in  the 
hole  receiving  it,  as  do  bushings  having  a  shoulder  at  the  upper  end, 
such  as  the  loose  bushing  shown  in  Fig.  6.  It  was  the  practice  some 
years  ago  to  make  all  bushings  with  a  shoulder,  but  this  is  entirely 
unnecessary,  and  simply  increases  the  cost  of  making  the  bushing. 

Dimensions  of  Jig  Bushings 
It  is  rather  difilcult  to  give  any  standard  dimensions  for  jig  bushings, 
as  these  depend,  in  most  cases,  on  the  different  conditions  of  the  vari- 
ous classes  of  jigs  in  which  the  bushings  are  inserted.  As  a  rule  the 
common  practice  is  to  make  the  length  of  the  bushing  twice  the  inside 
diameter  of  the  hole  in  the  bushing  for  stationary  drill  bushings.  On 
very  small  bushings,  however,  say  %  inch  diameter  hole  and  less,  the 
length  of  the  bushing  will  have  to  be  made  longer  than  twice  the 
diameter,  while  on  very  large  bushings  the  length  may  be  made 
somewhat  less  than  twice  the  diameter.  The  accompanying  Table  I 
gives  proportions  of  stationary  drill  bushings.  The  dimensions,  as 
here  given,  will  be  found  suitable  in  all  cases  where  no  special  con- 
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ditioDs  demand  deviation  from  ordinary  practice.  If  the  jig  wall  is 
thin,  the  bushing  may  project  out  as  shown  in  Fig.  7,  so  as  to  give  the 
cutting  tool  the  proper  guiding  and  support  as  close  to  the  work  as 
possible.  In  Table  II  are  given  dimensions  for  lining  bushings,  not 
intended  to  directly  guide  the  drill,  but  to  hold  removable  bushings, 
which  in  turn,  guide  the  cutting  tools.  The  dimensions  given  in 
Tables  I  and  II  are  for  bushings  made  from  tool  steel  <^  machine 
steel. 

While  it  may  be,  in  some  cases,  difficult  to  draw  a  distinct  line  be- 
tvreen  stationary  drill  bushings  and  lining  bushings,  it  may  be  said  in 
general,  that  the  bushings  in  Table  I  are  used  for  guiding  the  drills 
when  drilling  holes  directly,  either  with  a  full-sized  drill,  when  the  hole 
is  not  required  to  be  very  smooth  or  accurate;  or,  if  greater  accuracy 

TABLE  I.    DIMENSIONS  OF  8TATIONART  DltmL  BUBHIN08 
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is  required,  for  guiding  a  spotting  drill  which  fits  the  bushings  exactly, 
after  which  the  hole  is  drilled  out  with  a  so-called  reamer  drill  which 
is  0.010  inch  or  less  under  the  size  of  the  finished  hole,  and  finally 
reamed  out  with  a  reamer  fitting  exactly  the  hole  in  the  bushing. 
These  bushings  are  thus,  in  general,  used  when  no  tapping  or  counter- 
boring  would  be  required.  The  lining  bushing  in  Table  II,  again,  may 
guide  one  of  the  tools  for  the  holes  to  be  finished  directly,  and  then 
removable  bushings  are  inserted  to  guide  the  other  tools  used. 


Miscellaneous  Tyj^es  of  Drill  Bushings 

As  already  mentioned,  it  was,  some  years  ago,  always  the  practice 
to  provide  even  stationary  bushings  with  a  shoulder  or  head,  as  shown 
in  bushing  C,  Fig.  6.  This  will  prevent  the  bushing  from  being  pushed 
through  the  jig  by  the  cutting  tool,  but  this  seldom  occurs  if  the  bush- 
ings are  made  to  fit  the  tool  correctly.  Sometimes  the  shoulder  is  used 
to  take  the  thrust  of  a  stop  collar,  which  is  clamped  on  the  drill,  to 
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allow  it  to  go  down  to  a  certain  depth,  as  shown  in  Fig.  8,  in  which  C 
is  the  stop  collar,  D.the  wall  of  the  jig,  E  the  stationary  bushing, 
and  F,  the  piece  worked  upon.    In  such  a  case,  a  shoulder  on  the  . 
busning  may  be  in  place. 

If  the  work  to  be  drilled  is  located  against  a  finished  seat  or  boss 
on  the  wall  of  the  jig,  and  the  wall  la  not  thick  enough  to  take  a  bush- 
ing of  standard  length,  it  is  common  practice  to  make  a  bushing 
having  a  long  head,  as  shown  in  Fig.  9.  The  length  A  of  the  head  can 
be  extended  as  far  as  necessary  to  get  the  proper  bearing.  As  the  bush- 
ing is  driven  in  place,  and  the  shoulder  of  the  head  bears  against  the 
finished  surface  of  a  boss  on  the  jig,  it  will  give  the  cutting  tool  almost 
as  rigid  a  bearing  as  if  the  jig  matal  surrounded  the  bushing  all  the 
way  up. 

TABIiE  U.    DIMENSIONS  OP  LININa  BUSHINGS  ' 
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Stationary  or  fixed  drill  bushings  are  almost  invariably- made  from 
tool  steel,  but  machine  steel  bushings,  case-hardened  and  ground,  give 
good  service,  and  wherever  it  seems  necessary  to  save  in  the  expense 
of  the  jig,  machine  steel  will  serve  the  purpose  well  enough  for  any 
jig  that  is  not  in  constant  use.  For  large  bushings  in  particular,  the 
difference  becomes  quite  considerable,  and,  therefore,  a  great  many 
prominent  firrufi  have  made  it  a  rule  to  make  all  larger  bushings  and, 
in  particular,  all  lining  bushings  of  machine  steel. 

Removable  bushings  are  frequently  used  for  work  which  must  be 
drilled,  reamed  and  tapped,  there  then  being  one  bushing  for  each  of  the 
cutting  tools.  They  are  also  used  when  different  parts  of  the  same  hole 
are  to  be  drilled  out  to  different  diameters,  or  when  the  upper  portion 
of  the  hole  is  counterbored,  or  when  a  lug  has  to  be  faced  off.  In  this 
case,  each  tool,  of  course,  has  its  own  guiding  bushing.    The  common 
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design  of  removable  bushings  is  shown  in  Fig.  10.  The  outside  is 
made  to  fit  the  inside  of  the  lining  bushing  with  a  nice,  sliding  fit, 
so  that  it  can  be  gently  pressed  into  the  lining  bushing  by  the  hand. 
The  distance  A  under  the  head  of  the  bushing  should  be  the  same 
length  or  longer  than  the  guiding  bushing;  in  the  latter  case,  for  the 
purpose  of  getting  close  to  the  work.  The  thicknesi^  B  of  the  head 
varies,  of  course,  according  to  the  size  of  the  bushing.  The  diameter 
C  of  the  head  should  be  from  %  to  %  inch  larger  than  the  diameter 
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Types  of  DrlU  Jiff  Buablaffs  fbr  Diflbrent  PurpoBes 

D  of  the  bushing.  A  groove  E,  %  to  y^  inch  wide,  is  cut  Immediately 
under  the  bead,  so  that  the  emiery  wheel  can  pass  clear  over  the  part 
being  ground. 

Means  for  Preventing  Loose  Bushings  firom  Turning 

In  order  to  prevent  the  bushings  from  turning,  in  some  shops  a  col- 
lar, with  a  projecting  tail,  as  shown  in  Fig.  11,  is  forced  over  the 
head  of  the  bushing.    This  arrangement  also  makes  it  easy  to  remove 
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Means  for  Prevantliitr  DrUl  Buahloirs  from  Turning ;  Taper 
Bushlnff;  and  Screw  Boshing 

the  bushing.  The  dog,  as  it  is  commonly  called,  is  usually  bent  at 
the  end  of  the  tail,  as  shown  in  the  cut,  one  end  resting  against  some 
part  of  the  jig,  the  proportions  of  which  the  dog  must  suit.  Some- 
times the  bent  end  is  left  straight,  if  there  is  a  possibility  for  the  tail 
to  strike  against  some  lug  in  the  same  plane.  The  making  of  such 
dogs  involves  some  extra  expense,  but  it  is  very  effective  in  avoiding 
troubles  with  the  bushings  turning  and  working  their  way  out  of  the 
boles.     In  some  cases  simply  a  hole  is  drilled  ip  the  shoulder  of  the 
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bushing  at  the  edge,  and  a  corresponding  pin  is  driven  into  the  jig 
body.  This  serves  the  same  purpose  as  the  dog.  It  is  probably 
cheaper,  but  it  does  not  furnish  the  convenient  means  for  removing  the 

TABLB  ni.    DIMENSIONS  OP  REMOVABLE  DRILL  BUSHINOS 
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^  When  uBinflT  dogs  at  illustrated  in  Pig.  11,  the  dimensions  in  thesa 
columns  are  omitted. 

bushing  as  does  the  dog.    To  make  such  a  bushing  more  easily  re- 
movable,  the   arrangement   shown    in    Fig.    12   is   probably   the   most 
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common.  A  step  A  is  turned  down  on  the  head,  which,  in  this  case, 
will  have  to  be  a  trifle  larger  In  diameter.  This  step  permits  some 
kind  of  a  too! — a  screw  driver,  for  instance,  to  be  put  underneath, 
and  with  a  jerk  the  bushing  may  be  lifted  enough  to  get  a  eood  hold 
on  it.  The  haif-round  slot  at  B  is  milled  or  filed  In  the  periphery  of 
the  head,  and  fits  over  a  pin  or  screw  which  is  fastened  in  the  jig 
body,  as  mentioned  before.  There  are,  of  course,  a  number  of  other 
devices  for  preventing  drill  bushings  from  turning,  but  the  ones 
shown  will  serve  the  purpose  of  plainly  exhibiting  the  principles. 

In  Table  III  are  given  dimensions  for  removable  bushings  of  the 
type  shown  In  Fig.  12.  As  will  be  seen  in  the  engraving  above  the 
table,  dotted  lines  have  been  shown,  indicating  a  shoulder  without  any 
recess  of  the  kind  shown  at  A,  Fig.  12.  The  dimensions  for  a  shoulder 
such  as  would  result  if  the  heads  of  the  bushings  were  made  to  the 
dotted  lines,  apply  to  such  bushings  as  are  used  with  a  dog,  as  shown 
In  Fig.  11.  In  this  case  the  dimensions  in  columns  7  and  K  in  the  table 
are  omitted. 

Table  IV*  gives  dimensions  for  bushings  for  holes  which  are  reamed 
with  a  rose  chucking  reamer,  after  having  first  been  drilled  with  a 
drill  1/16  inch  smaller  than  the  diameter  of  the  reamer  with  which 
the  hole  is  finally  reamed  out  The  bushing  to  the  extreme  right,  over 
the  table,  is  the  lining  bushing,  which  is  made  of  machine  steel,  case- 
hardened  and  ground.  The  bushing  to  the  extreme  left  is  the  bushing 
for  the  rose  chucking  reamer.  It  is  made  of  cast  iron  and  ground. 
The  bushing  in  the  center  is  the  drill  bushing  which  is  made  from 
tool  steel,  hardened  and  ground,  or  in  cases  where  it  does  not  seem 
warranted  to  make  the  bushing  of  tool  steel,  of  machine  steel,  case- 
hardened  and  ground. 

The  tapered  removable  bushing  shown  in  Fig.  13  is  objectionable 
on  account  of  being  expensive  to  make,  and  also  on  account  of  its 
liability  to  be  thrown  out  of  true  by  chips,  etc.,  getting  in  between 
the  outside  of  the  bushing  and  the  hole. 

Screw  Bushings 

Sometimes  removable  bushings  are  threaded  on  the  outside  and 
made  to  fit  a  tapped  hole  in  the  jig,  as  shown  in  Fig.  14.  The  lower 
part  of  the  bushing  is  usually  turned  straight,  and  ground,  in  order 
to  center  the  bushing  perfectly  in  the  hole  in  the  jig.  The  head  of 
the  bushing  Is  either  knurled,  or  milled  hexagon  for  a  wrench.  When 
these  bushings  are  used,  they  are,  as  a  rule,  not  used  for  the  single 
purpose  of  guiding  the  cutting  tool,  but  they  combine  with  this  the  pur- 
poses of  locating  and  clamping  the  work.  For  such  purposes  they  are 
quite  frequently  used.  These  bushings  are  not  commonly  used  as  re- 
movable bushings,  as  it  would  take  considerable  time  to  unscrew,  and 
to  again  insert,  a  bushing  of  this  type  into  the  jig  body. 

Sometimes  bushings  for  guiding  the  tools  may  be  made  of  cast  iron, 
but  only  in  such  cases  when  the  cutting  tool  is  of  such  a  design  that 
it  does  not  have  any  cutting  edges  in  the  bushing  itself,  as,  for 
instance,  in  the  case  of  guiding  the  smooth  surface  of  a  boring-bar, 
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or  the  shank  of  a  reamer  or  a  rose  reamer,  but  hardened  steel  bush- 
ings must  always  be  used  when  the  cutting  tool  is  liable  to  cut  the 
bushing,  as,  for  instance,  in  the  case  of  drills  and  reamers,  guided 
on  their  flutes,  taps,  etc. 

*  Special  Desifirns  of  Guide  Bushings 

When  the  guide  bushings  are  very  long,  and  consequently   would 
cause  unnecessary  friction   in   their  contact  with   the  cutting  tools. 


TABLE  IV.     BUSHINGS  FOR  HOIiBS  REAMED  WPfH 
ROSE  CHUCKING  RBABfERS 


A 

B 

c 

D 

E 

F    1 

i 

H 

IJ 

1* 

1    • 

n 

H 

} 

1^ 

m 

lA 

,. 

V 

}1 

14 

if 

IS. 

1 

H 

u 

1* 

1 

li 

l^ 

1 

»A 

Itt 

1] 

H 

U 

l^ 

1» 

2 

*¥ 

Hi 

it 

U 

^i 

1^ 

I 

K« 

11- 

1- 

^A 

2 

i. 

2 

2tV 

u 

^ 

^ 

•  i 

lA 

Si 

3« 

JA 

U 

v. 

2H 

^ 

a 

iW 

»9 

8 

2 

2f 

m 

i| 

ShV 

«A 

a 

^ 

ni 

1? 

U 

U 

8 

? 

»4 

m 

2i 

u 

tt 

^ 

ifj 

H 

m 

^ 

8 

2 

}M 

2} 

«« 

8 

»,'« 

2 

JHi 

V(r 

a 

8 

.2  A  - 

V* 

8 

81 

8 

8 

2tV 

'H 

8A 

?^f 

H 

H 

^1 

V« 

8 

8 

8 

8 
8 

2j| 

3A 

3 

4 

8 

21 

2t'« 

8 

4 

4 

4 

2j 

a/* 

8| 
8} 

4 
41 

4* 

4i 

23 

m 

4i 

41 

H 


I 


It 

1 


i 

I? 

!* 

8f 

n 

4} 


u 


li 

2J 

a/. 

8| 
8i 
4i 
4i 

J3 

4i 

4i 

4} 
4i 


»t5 
at! 

'it 


o» 

A 
A 
A 
A 

i 
i 
i 
i 
i 
i 


i 
i 
i 
i 
A 
A 

A 

i 

A 


«  When  dogs  illustrated  in  Pig.  11  are  used,  dimensions  in  these  columns 
are  omitted. 

they  may  be  recessed,  as  shown  in  Fig.  15.    The  distance  A,  of  the 

hole  in  the  bushing,  is  recessed  enough  wider  than  the  diameter  of 

the  tool,  so  as  not  to  bear  on  it.    The  length  B,  being  about  twice  the 


Digitized  by  CjOOQ iC 


DRILL  JIG  BUSHINGS 


21 


diameter  of  the  hole,  gives  sufficiently  long  guiding  surfaces  for  the 
cutting  tool,  to  prevent  its  running  out  If  the  outside  diameter  of 
the  bushing  is  very  large,  as  coni|>ared  with  the  diameter  of  the  cut- 
ting tool,  as  indicated  in  Fig.  16,  the  expense  of  making  the  bushings 
may  be  reduced  by  making  the  outside  bushing  of  cast  iron,  inserting 
into  this  a  hardened  tool  steel  bushing,  driven  in  place.  The  steel 
bushing  is  then  given  dimensions  according  to  Table  I  for  stationary 
bushings.  The  reason  why  there  may  be  the  necessity  of  a  bushing 
having  so  large  an  outside  diameter  and  so  small  a  hole,  may  be 
that  the  bushing  Is  required  to  be  removed  for  counterboring  part  of 
the  small  hole  being  drilled,  by  a  counterbore  of  large  diameter,  in 
which  case  the  hole  in  the  jig  body  has  to  be  large  enough  to  accom- 
modate the  large  counterbore. 


Fiff.  15 


Fig.  Id 


Pig.  17 


Special  Tjrpes  of  Drill  Ji^r  BushlDgs 

If  a  loose  or  removable  bushing  is  longer  than  the  lining  bushing, 
as  illustrated  in  Fig.  17,  it  will  prove  advantageous  to  have  the  diam- 
eter of  the  projecting  portion  of  the  bushing  about  1/32  inch  smaller 
in  diameter  than  the  part  of  the  loose  bushing  which  fits  the  lining 
bushing.  This  lessens  the  amount  of  surface  which  has  to  be  ground, 
and,  at  the  same  time,  makes  it  easier  to  insert  the  bushing,  giving 
it,  so  to  say,  a  point,  which  will  first  enter  the  lining  bushing,  and  it 
interferes  in  no  way  with  the  proper  qualities  of  the  bushing  as  a 
guide  for  the  cutting  tool. 

In  some  cases,  the  holes  in  the  piece  to  be  drilled  are  so  close  to 
one  another  that  it  is  impossible  to  find  space  for  lining  bushings  in 
the  jig.  In  such  a  case,  it  will  be  necessary  to  make  a  leaf,  or  a 
loose  wall,  or  the  whole  Jig,  of  machine  steel  or  tool  steel,  hardening 
a  portion  or  the  whole  jig  thus  made 
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LOCATING  POINTS* 

The  locating  points  in  a  Jig  usually  consist  cf  finished  pads,  bosses, 
seats,  or  lugs,  cast  solid  with  the  jig,  as  illustrated  in  Fig.  18.  In 
this  engraving  the  surfaces  marked  /  are  the  locating  points,  which 
bring  the  piece  to  be  machined  in  right  relation  to  the  bushings  guid- 
ing the  drills,  or  to  the  gages  to  which  other  cutting  tools  may  be 
set.  This  way  of  locating  the  work  is  satisfactory  when  the  work 
done  is  finished  in  a  uniform  way,  and  where  there  is  very  little 
variation  in  the  parts  inserted  in  the  jig. 

Another  commjonly  used  means  for  locating  the  work  in  jigs  is  by 
means  of  dowel  pins,  as  shown  at  A  and  B  in  Fig.  19.  The  sides  of 
the  dowel  pins  which  rest  up  against  the  work  are  usually  fiattened, 
as  indicated,  so  as  to  give  more  bearing  than  a  mere  line  contact  with 


H  ^ 


n? 


Flff.  18.   liocatlng  Pads  In  Jigs 


Flsr  19.    Pins  Used  fbr  Locating  Work 


the  pins  could  give,  and,  at  the  same  time  pr-event  too  rapid  wear  on 
the  locating  pins,  as  would  be  the  case  if  the  work  bear  against  the 
pins  along  a  line  only.     . 

Sometimes  pins  or  studs  are  inserted  in  jigs  to  act  as  locating 
points,  instead  of  having  lugs  cast  directly  on  the  jig  as  shown  in 
Fig.  18.  A  case  where  a  pin  is  used  for  this  purpose  is  shown  in 
Fig.  20,  where  B  is  the  body  of  the  jig,  A  the  pin  inserted  to  act  as  a 
locating  and  resting  point,  and  C  the  work  located  against  this  point 
Locating  pins  of  this  character  should  always  be  provided  with  a 
shoulder  or  collar,  so  that  they  will  firmly  resist  the  pressure  of  the 
work  they  support,  without  possibility  of  moving  in  the  hole  in  which 
they  are  inserted. 

A  common  method  of  locating  cylindrical  pieces  or  surfaces  is  that 
of  placing  the  cylindrical  surface  in  a  V-block,  as  shown  in  Fig.  21. 
This  V-block  as  a  rule  is  stationary,  and  is  held  in  place  by  screws 

♦  Machinery,  June,  1908. 
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and  dowel  pins,  as  indicated  in  the  engraving,  but  sometimes  these 
V-blocks  may  also  be  made  adjustable,  in  order  to  take  up  the  varia- 
tions of  the  pieces  placed  in  them,  and  also  in  order  to  act  as  clamps. 
A  V-block  of  this  character  is  shown  in  Fig.  22.  In  this,  A  is  the 
adjustable  V-block,  having  an  oblong  hole  B  to  allow  for  the  adjust- 
ment.   The  block  is  held  down   in  place  by  a.  collar-head  screw   C, 
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Fiff.  20.    Inserted  Pin  need  for  Locatlitff 
and  Snpportlnir  Work 


Fig.  21.    V-block  Ibr  Locatlnflr  Round 
Work  or  CyUndrlcal  Surfktcee 


which  passes  through  the  elongated  hole.  The  under  side  of  the 
block  is  provided  with  a  tongue  D,  which  enters  into  a  slot  in  the  jig 
body  itself,  the  V-block  being  thereby  prevented  from  turning  side- 
ways. The  screw  E  passes  through  the  wall  of  the  Jig,  or  through 
some  lug,  and  prevents  the  V-block  from  sliding  back  when  the  work 
is  Inserted  into  the  Jig.  It  is  also  used  for  adjusting  the  V-block, 
and,  in  some  cases,  for  clamping  the  work.    The  V-blocks  are  usually 


FliT*  22.    AilQuatablQ  V-blook  need  fbr  LooatlDir  Purposes 

made  of  machine  steel,  but  when  larger  sizes  are  needed,  they  may 
be  made  out  of  cast  iron.  Little  is  gained,  however,  in  making  these 
blocks  out  of  cast  iron,  as  most  of  the  surfaces  have  to  be  machined 
anyway,  and  the  difference  in  the  cost  of  material  on  such  a  compara- 
tively small  piece  is  very  slight. 

When  it  is  essential  that  a  cylindrical  part  of  the  work  is  located 
centrally  either  with  the  outside  of  a  cylindrical  surface,  or  with  the 
center  of  a  hole  passing  through  the  work,  good  locating  means  arc 
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provided  by  the  designs  shown  in  Figs.  23  and  24.  In  Fig.  23,  the 
stud  A  is  countersunk  conically  to  receive  the  work.  The  stud  A  is 
made  of  machine  or  tool  steel,  and  may,  in  many  cases,  serve  as  a 
bushing  for  guiding  the  tool.  In  Fig.  24,  the  stud  is  turned  conically 
in  order  to  enter  into  a  hole  in  the  work.  These  two  locating  appli- 
ances are  always  made  stationary,  and  are  only  used  for  locating  the 
work,  never  for  binding  or  clamping. 

Screw  BushinfiTS  and  Slldinfir  Bushlnfirs  Used  as  Locatinfir  Means 
Screw  bushings  of  the  type  which  has  already  been  shown  in  Fig.  14, 
may  be   used   for  locating  and   clamping  purposes   by   making  them 


Fiff.  28.    Recessed  Stud  used  for  Lo- 
oatlnff  Roimd  Work 


MadUmer^^.Y. 


PiiT  24.    OoBical  Stud  used  for  liOcatinff 
Work  in  Relation  to  tbe  Center  of  •  Hole 


long  enough  to  project  through  the  walls  of  the  Jig,  and  by  turning  a 
conical  point  on  them,  as  shown  in  Fig.  25,  or  by  countersinking 
them,  as  shown  in  Fig  26. 

Another  type  of  bushing  which  serves  the  same  purpose  as  a  screw 
bushing  is  illustrated  in  Fig.  27.  This  bushing,  together  with  the 
forked  lever  D,  and  clamping  bolt  and  wing  nut  shown,  will  serve  not 


Fiff.  26.    Screw  Bashing  used  for  Locatincr 
Work  Central  with  a  Hole 
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V\g.  26.    Screw  Busbinff  used  for  Locating 
Round  Work  by  means  of  a  Conical  Recess 


only  to  locate  but  also  to  clamp  the  work  in  place.  This  sliding  bush- 
ing gives  very  good  results  and  is  preferable  to  the  screw  bushing  in 
cases  where  accurate  work  is  required,  but,  as  a  rule,  where  extreme 
accuracy  would  be  required,  this  kind  of  bushing  is  not  used. 

In  Fig.  27  the  sliding  bushing  A  has  a  close  sliding  fit  in  the  lining 
bushing  B.  In  the  head  of  the  bushing  A  there  are  two  screws  with 
hardened  heads,  which  fit  into  elongated  slots  in  the  forked  lever  or 
yoke  />,  which,  in  turn,  swivels  around  pin  E.  The  eye-bolt  F  fits 
into  a  slot  O  in  the  yoke,  and  the  wing  nut  tightens  down  the  bush- 
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ing  against  the  work  as  clearly  indicated  in  the  engraving.  A  com- 
paratively long  bearing:  for  the  bushing  is  required  in  order  to  pro- 
duce good  results.  On  work  that  varies  considerably  in  size,  this 
arrangement  works  somewhat  quicker  than  does  a  screw  bushing,  but 
it  is  clearly  in  evidence  that  it  is  a  rather  expensive  appliance,  and 
that  the  construction  of  the  Jig  does  not  always  permit  of  its  appli- 
cation. • 

In  some  instances  it  is  necessary  to  have  the  screw  bushing  mova- 
ble sideways,  for  instance,  when  the  piece  of  work  to  be  made  is 
located  by  some  finished  surfaces,  and  a  cylindrical  part  is  to  be  pro- 
vided with  a  hole  drilled  exactly  in  the  center  of  a  lug  or  projection,  the 


Fiir*  27.    SUdioir  Boahlnff  for  liOoatlnir  Mid  Clamping  Work 

relation  of  this  hole  to  the  finished  surfaces  used  for  locating  being 
immaterial.  The  piece  of  work,  being  a  casting,  would  naturally  bo 
liable  to  variations  between  the  finished  surfaces  and  the  center  of 
the  lug,  particularly  if  there  be  other  surfaces  and  lugs  to  which 
the  already  finished  surfaces  must  correspond,  and  in  such  a  case,  the 
fixed  bushing  for  drilling  a  hole  that  ought  to  come  in  the  center  of 
the  lug,  might  not  always  suit  the  casting.  In  such  a  case,  so-called 
floating  bushings,  as  shown  in  Fig.  28,  are  used.  The  screw  bushing 
A  is  conically  recessed,  and  locates  from  the  projection  on  the  casting. 
It  is  fitted  into  another  cylindrical  piece  B,  provided  with  a  flange  on 
one  side.  The  piece  B,  again,  sets  into  the  hole  C  in  the  Jig  body  D, 
this  hole  being  large  enough  to  permit  the  necessary  adjustment  of 
the  Jig  bushing. 
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When  the  bushing  has  been  located  exactly  concentric  with  the  lug 
E  on  the  work,  the  nut  F.  having  a  washer  G  under  it,  is  tightened. 
It  will  be  seen  that  the  flange  on  piece  B  and  the  washer  G  neces- 
sarily must  be  large  enough  to  cover  the  hole  C  even  if  B  is  brought 
over  against  the  side  of  the  hole.  It  is  not  often  necessary,  however, 
to  use  this-  floating  bushing,  because  it  is  seldom  that  a  drilled  hole 


Flir   28.    Floattoff  Buahinir 
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Fig.  29.    Simplest  Form  of  Adjastable 
liOcatlnir  Point 


in  a  piece  of  work  can  be  put  in  without  having  any  direct  relation 
to  other  holes  or  surfaces. 

AtUustable  Locatinfir  Points 
The  most  common  form  of  adjustable  locating  points  is  the  set-screw 
provided  with  a  check  nut,  as  shown  in  Fig.  29.    The  screw  J.  is  a 


Maehfnwri/..\\T. 


Flff.  80.    Adjustable  liOcatlnir  Point  coneistinff  of  a  Flatted  Stud 
Held  in  Place  by  a  Set-eorew 

standard  square  head  set-screws,  or,  in  some  cases,  a  headless  screw — 
with  a  slot  for  a  screw  driver;  this  screw  passes  through  a  lug  on 
the  jig,  or  the  jig  wall  itself,  and  is  held  stationary  by  a  check  nut  C 
tightened  up  against  the  wall  of  the  jig.  Either  end  of  this  screw  may 
be  used  as  a  locating  point,  and  the  check  nut  may  be  placed  on  either 
side.  By  using  a  square  head  screw,  adjustment  is  very  easily  accom- 
plished, but  unless  the  operator  is  familiar  with  the  intentions  of  the 
designer  of  the  jig,  locating  points  of  this  kind  are  often  mistaken 
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for  binding  or  clamping  devices,  and  the  set-screws  are  tightened  up 
and  loosened  to  hold  and  release  the  work,  when  the  intention  is  that 
these  screws  should  be  fixed  when  once  adjusted.  It  is  not  even 
possible  to  depend  upon  the  check  nut  stopping  the  operator  from 
using  the  screw  as  a  binding  screw.  A  headless  screw,  therefore,  is 
preferable,  as  it  is  less  apt  to  be  tampered  with. 

The  sliding  point,  as  illustrated  in  Figs.  30  and  31,  is  another 
adjustable  locating  point  which  is  used  to  a  great  extent  in  jig  work. 
A  flat  piece  of  work  or  a  plate  which  is  not  perfectly  level  will  always 
rock  if  put  down  on  four  stationary  locating  points,  but  the  difficulty 
thus  encountered  is  very  easily  overcome  by  making  one  of  the  locat- 
ing points  adjustable,  and,  as  a  rule,  the  sliding  point  is  used  for 
this  purpose. 

One  design  is  shown  in  Fig.  30,  where  A  represents  the  work  to  be 
located,  B  the  sliding  point  Itself,  and  C  the  set-screw,  binding  it  in 


JTocJIflMry  ,-•''• 
Fiff.  81.    SUding  Point  nsed  for  Locating  Work 

place  when  adjusted.  The  sliding  point  B  fits  a  hole  in  the  jig  wall 
and  is  provided  with  a  milled  flat  slightly  tapered,  as  shown,  to  pre- 
vent its  sliding  back  under  the  pressure  of  the  work  or  the  tool  oper- 
ating upon  the  work.  This  design  of  sliding  point  is  frequently  used, 
but  it  is  not  as  efficient  as  the  one  illustrated  in  Fig.  31.  In  this 
design  the  sliding  point  A  consists  of  a  split  cylindrical  piece,  with  a 
hole  drilled  through  it,  as  illustrated  in  the  engraving,  and  a  wedge 
or  shoe  B  tapered  on  the  end  to  fit  the  sides  of  the  groove  or  split 
in  the  sliding  point  itself.  This  wedge  B  is  forced  in  by  a  set-screw 
C,  for  the  purpose  of  binding  the  sliding  point  in  place.  Evidently, 
when  the  screw  and  wedge  are  forced  in,  the  sliding  point  is  expanded, 
and  the  friction  against  the  jig  wall  D  is  so  great  that  it  can  with- 
stand a  very  heavy  pressure  without  moving.  Pin  E  prevents  the 
sliding  point  from  slipping  through  the  hole  and  into  the  jig,  when 
loosened,  and  also  makes  it  more  convenient  to  get  hold  of.  In  Figs. 
32  and  33  are  given  the  dimensions  most  commonly  used  for  sliding 
points  and  binding  shoes  and  wedges. 
If  the  work  to  be  finished  in  the  jig  has  some  holes  already  finished, 
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it  is  sonietimes  most  satisfactory  to  locate  the  work  by  these  holes, 
which  may  be  done  by  means  of  studs  or  plugs  similar  to  the  one 
shown  in  Fig.  20,  which  then  enter  the  holes;  preferably,  these  studs 
should  then  be  ground  and  hardened  to  the  standard  size  of  the  hole. 
If  the  finished  hole  should  be  of  a  character  that  varies  somewhat 
in  size,  expansion  studs  with  bushings  may  be  used.  These  studs 
may  be  of  a  great  many  different  designs  and  styles,  but,  as  a  rule. 
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Fig.  32.    Dimensions  of  Bliding  Points 
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Fltf.  83.    Dimensions  of  Shoes  or 
Binders  fbr  Sliding  Points 


they  always  work  on  the  same  principle  as  the  one  shown  in  Fig.  34. 
In  this,  A  is  the  bushing,  fitting  the  finished  hole  in  the  work.  This 
bushing  is  split  in  several  different  ways,  either  by  having  one  slot 
cut  entirely  through  it,  and  two  more  slots  cut  to  within  a  short 
distance  of  the  outside  periphery,  or  by  having  several  slots  cut 
from  the  top  and  from  the  bottom,  alternating,  but  not  cut  entirely 
through   the   full   length   of   the   bushing.    The   method    of   splitting, 
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Flfifs.  86  and  se.    Locating  Work  by 
Key  ways 


Vlg.  34.    Expansion  Bushing  need  for 
Looattnff  and  damping  Work 

however,  in  every  case,  accomplishes  the  same  object,  that  of  making 
the  bushing  capable  of  expansion,  so  that  when  the  stud  B,  which  is 
turned  to  fit  the  tapered  hole  in  the  bushing,  is  screwed  down,  the 
bushing  is  expanded. 

Locating  by  Keyways  in  the  Work 

Sometimes  the  work  to  be  finished  in  the  jig  is  provided  with  a 
key  way  or  a  slot,  or  with  some  other  kind  of  a  seat,  by  means  of 
which  it  is  located  on  its  component  part  on  the  machine  for  which 
it  is  ultimately  intended,  and  it  is  always  essential  that  the  work  be 
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located  in  the  same  way  in  the  Jig  as  it  is  to  be  located  on  the  ma- 
chine on  which  it  is  to  go;  thus,  if  the  work  has  a  key  way,  suitable 
for  locating,  a  corresponding  key  way  ought  to  be  put  into  the  jig, 
and  the  work  located  by  means  of  a  key,  as  shown  in  Figs.  35  and  36. 
Instead  of  a  loose  key,  a  tongue  may  be  planed  or  milled  solid  with 
the  jig,  but,  as  a  rule,  it  is  more  satisfactory  to  have  the  loose  key,  . 
as,  if  it  should  happen  to  wear,  it  is  possible  to  replace  it;  and  if  the 
width  of  the  keyway  should  vary  in  different  lots  of  the  parts  made, 
it  is  possible,  with  little  expense,  to  make  a  new  key  to  fit  the  varia- 
tion, whereas,  if  the  key  is  made  solid  with  the  jig,  and  found  to  be 
either  too  large  or  too  small,  the  trouble  of  fixing  this  would  be  con- 
siderably greater. 

There  are,  of  course,  a  variety  of  different  methods  of  locating  the 
work  in  the  jig,  depending  upon  the  nature  and  the  shape  of  the 
work,  but  those  mentioned  above  are  the  most  common,  the  cheapest, 
and  those  that,  as  a  rule,  give  sufficiently  good  results  for  ordinary 
work.  The  principles  involved  in  the  design  of  the  means  of  locating 
the  work  described  above,  would  all  be  the  same  in  any  kind  of 
locating  devices,  so  that  it  would  simply  be  a  difference  in  application 
of  the  principles,  rather  than  a  difference  in  the  principles  themselves. 
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In  order  to  hold  the  work  rigidly  In  the  jig,  so  that  it  may  be  held 
up  against  the  locating  points,  while  the  cutting  tools  operate  upon 
the  work,  jigs  and  fixtures  -are  provided  with  clamping  devices.  Some- 
times a  clamping  device  serves  the  purpose  of  holding  the  jig  to  the 
work,  in  a  case  where  the  work  is  a  very  large  piece  and  the  jig  is 
attached  to  the  work  in  some  suitable  way.  The  purpose  of  the  clamp- 
ing device,  however,  remains  the  same,  namely,  that  of  preventing  any 
shifting  of  the  guiding  bushings  while  the  operation  on  the  work  is 
being  performed.  As  has  been  previously  mentioned,  at  the  time 
when  the  general  principles  of  jig  and  fixture  design  were  treated  in 
Chapter  I,  the  clamping  device  should  always  be  an  integral  part  of 
the  jig  body  in  order  to  prevent  its  getting  lost 

The  clamping  device  may  either  directly  clamp  the  work  to  the 
jig  or.  vice  versa,  but  very  frequently  the  clamps  simply  hold  in  place 
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Tig.  87.    Form  of  Clamps  used  in  Jiga 
and  Fixtures 


Fler.  88.    Improved  Form  of  Olamp 


a  loose  or  movable  part  in  the  jig,  which  can  be  swung  out  of  the 
way  to  facilitate  the  removing  and  the  inserting  of  the  work  in  the 
jig.  The  work  itself  is  in  turn  clamped  by  a  set-screw  or  other  means 
passing  through  the  loose  part,  commonly  called  leaf.  The  simplest 
form  of  clamping  device  is  the  so-called  clamp,  of  which  a  number  of 
different  forms  are  commonly  used.  Perhaps  the  most  common  and 
most  reliable  of  all  clamps  is  the  one  shown  in  Fig.  37.  This  kind 
of  clamp  is  also  commonly  termed  a  strap.  It  is  simple,  cheap  to 
make,  and,  for  most  purposes,  it  gives  satisfactory  service.  The  clamp 
shown  in  Fig.  38  is  practically  made  on  the  same  principle  as  the 
one  shown  in  Fig.  37,  but  several  improvements  have  been  introduced. 
The  clamp  is  recessed  at  the  bottom  for  a  distance  &,  to  a  depth  equal 
to  a,  so  as  to  give  a  bearing  only  on  the  two  extreme  ends  of  the 
clamp.  Even  if  the  strap  should  bend  somewhat,  on  account  of  the 
pressure  of  the  screw,  it  will  be  certain  to  bear  at  the  ends,  and  exert 


•Machinery,  July  and  August,  3 008. 


Digitized  by  CjOOQ iC 


CLAMPING  DEVICES 


81 


the  required  pressure  on  the  object  being  clamped.  This  strap  is  also 
provided  with  a  ridge  at  D,  located  centrally  with  the  hole  for  the 
screw,  as  shown  in  Fig.  38.  This  insilres  an  even  bearing  of  the 
screw  head  on  the  clamp,  even  if  the  two  bearing  points  at  each  end 
of  the  clamp  should  vary  in  height,  as  illustrated  in  Fig.  39.  The 
clamp  in  Fig.  37  would  not  bind  very  securely,  under  such  circum- 
stances, and  the  collar  of  the  screw  would  be  liable  to  break  off,  as 
the  whole  strain,  when  tightening  the  screw,  would  be  put  on  one  side. 


FItf.  38.  Action  of  Clftmp  showxi  In  Fig. 
38  ^Pheo  ns«d  to  Clamp  Woi^  whlQta  Is  not 
Xjfevel  wltb  tta«  Olampinfr  Bttrftbce 
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Vlg.  40.    Olamp  shown  la  FI9. 
further  Improved 


A  still  further  improvement  in  the  construction  of  this  clamp  may 
be  had  by  rounding  the  under  side  of  the  clamping  points  A,  a& 
shown  in  Fig.  40.  When  a  clamp  with  such  rounded  clamping  points 
is  placed  in  a  position  like  that  indicated  in  Fig.  39,  it  will  practically 
bind  the  object  to  be  held  fully  as  firmly  as  if  the  two  clamping  sur- 
faces were  in  the  same  plane. 

The  hole  in  these  straps  is  very  often  elongated,  as  indicated  by 
the  dotted  lines  in  Figs.  37  and  38.    This  allows  the  strap  to  be  pulled 
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Figs.  41  snd  42.    Special  Forms  of  Olamps 


back  far  enough  so  as  to  clear  the  work,  making  it  easier  to  insert 
and  remove  the  piece  to  be  held  In  the  jig.  In  some  cases,  it  is  neces- 
sary to  extend  the  elongated  hole,  as  shown  in  Fig.  41,  so  that  it 
becomes  a  slot,  going  clear  through  to  the  end  of  the  clamp,  instead 
cf  being  simply  an  oblong  hole.  Aside  from  this  difference,  the  clamp 
in  Fig.  41  works  on  exactly  the  same  principle  as  the  clamps  previ- 
ously shown.  It  is  evident  that  the  clamps  described  may  be  given 
a  number  of  different  shapes  to  suit  different  conditions.  The  screws 
used  for  clamping  these  straps  are  either  standard  hexagonal  screws 
or  standard  collar  head  screws,  dimensions  of  which  latter  are  given 
in  Table  V.    In  a  case  where  it  is  not  necessary  to  tighten  the  clamps 
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very  much,  shoulder  thumb  screws,  as  shown  in  Table  VI,  may  be 
employed. 

Instead  of  having  the  strap  or  clamp  bear  on  only  two  points,  it  is 
sometimes  necessary  to  have  it  bear  on  three  points,  in  which  case 
it  may  be  designed  similar  to  the  strap  shown  in  Fig.  42.    In  order 

TABUB  V.    DIMBN8ION8  OF  OOLLAR-HBAO  80RBW8 
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10  get  an  equal  pressure  on  all  the  three  points,  a  special  screw,  with 
a  half-spherical  head  like  the  one  shown,  may  be  Used  to  advantage- 
The  half-spherical  head  of  this  screw  fits  into  a  concave  recess  of  the 
same  shape  in  the  strap.  When  the  bearing  for  the  screw  head  is 
made  in  this  manner,  the  hole  through  the  clamp  must  have  plenty 
of  clearance  for  the  body  part  of  the  bolt. 

TABLE  VI.    DIMBN8ION8  OF  BHOULDBR  THUMB  80RBW8 
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When  designing  clamps  or  straps  of  the  types  shown,  one  of  the 
most  important  things  to  take  into  consideration  is  to  provide  enough 
metal  around  the  holes,  so  that  the  strap  will  stand  the  pressure  of 
the  screw  without  breaking  at  the  weakest  place,  which  naturally  is 
in  a  line  through  the  center  of  the  hole.  As  a  rule,  these  straps  are 
made  of  machine  steel,  although  large  clamps  may  sometimes  be 
made  from  cast  iron. 
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The  hook  bolt  shown  in  Fig.  43  is  better  adapted  for  some  classes 
of  work  than  any  other  clamping  device.    At  the  same  time,  it  is 
very  easy  and  cheap  to  make  and  easily  applied.    The  bolt  A  passes 
through  a  hole  in  the  Jig,  having  a  good  sliding  fit  in  this  hole,  and  . 
is  pushed  up  until  the  hook  or  head  B  bears  against  the  work,  after 


Flff .  43 


Fig.  44 


Fig.  45 


which  the  nut  Is  tightened.  When  great  pressure  is  not  required,  the 
thumb  or  wing  nut,  such  as  shown,  together  with  its  dimensions,  in 
Table  VII,  permits  the  hook  bolt  to  be  applied  more  readily.  The 
thumb  or  wing  nut  is  preferable  to  the  knurled  nut,  shown  in  Fig.  46, 
which  sometimes  is  used.  It  is  possible  to  get  a  better  grip,  and  to 
tighten  the  bolt  more  firmly  by  a  wing  nut  than  it  is  with  a  knurled 

TABUi  Vn.    DIBIBN8ION8  OF  WINO  OR  THUMB  NUTS 
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nut  When  the  work  is  removed  from  the  Jig,  using  the  hook  bolt 
clamping  device,  the  nut  is  loosened,  and  the  head  or  hook  of  the 
bolt  is  turned  away  from  the  work,  thus  allowing  it  to  be  taken  out, 
and  another  piece  of  work  to  be  placed  in  position.  The  hook  bolts 
are  invariably  made  of  machine  steel. 

In  a  box  Jig,  or  a  Jig  where  the  work  is  entirely,  or  almost  entirely, 
surrounded  by  the  Jig,  the  work  Is  easily  held  in  place  by  set-screws 
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and  sometimes  by  screw-bushings.  The  set-screws  are  of  different 
kinds,  the  most  common  being  the  standard  square  head  set-screw, 
which  is  used  whenever  great  clamiping  pressure  is  required,  the 
square  head  allowing  the  use  of  the  wrench.  Sometimes  screws  of 
this  kind  may  be  tightened  enough  for  the  purpose  by  hand  if  a  pin 
is  put  through  the  head  of  the  screw,  as  shown  in  Figs.  44  and  45. 

TABLE  Vni.    DIMBN8ION8  OF  RBOULAR  THUMB  BORBWB 
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This  means  is  used  not  only  when  great  pressure  is  not  necessary, 
but  also  when  the  work  is  liable  to  spring  if  the  screws  are  tightened 
too  hard.  In  such  a  case,  if  a  pin  is  inserted,  it  would  be  obvious 
that  the  screw  head  is  not  intended  for  a  wrench,  but  that  the  pin  is 
intended  for  getting  a  good  grip  by  the  hand  for  tightening  the 
screw  without  resorting  to  any  additional  means.  Usually  it  is  not 
possible  to  use  an  ordinary  machine  wrench  on  such  a  screw,  as  it 
generally  is  rather  thin,  so  that  if  applied  to  the  top  of  the  screw,  it 

TABLE  IX.    DIMENSIONS  OP  THUMB  SCREWS  WITH  WIDE  GRIP 
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would  not  permit  a  very  good  grip.  Of  course,  a  monkey-wrench 
could  be  applied,  but  it  ought  to  be  stated  in  this  connection  that  a 
monkey-wrench  ought  not  to  be  employed  in  ordinary  manufacturing 
shop  work,  as  it  is  intended  primarily  for  jobbing  work.  More  screws 
probably  have  been  tightened  too  hard  and  twisted  off  by  the  injudi- 
cious use  of  a  money-wrench  than  in  apy  other  way.  When  a  monkey- 
wrench  is  used,  it  should  be  used  with  discretion.  This,  of  course, 
does  not  mean  to  imply  that  the  monkey-wrench  is  not  one  of  the 
handiest  tools  that  a  machinist  ever  had  in  his  possession,  but  it  is 
intended  to  impress  the  idea  that  unless  the  monkey-wrench  is  used 
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in  such  a  manner  that,  when  it  is  applied  to  a  small  screw  head,  the 
power  applied  at  the  end  of  the  handle  is  in  proportion  to  the  screw, 
it  is  a  risky  tool  to  have  around. 

While  a  screw  with  a  round  head,  as  shown  in  Fig.  45,  and  with  a 
pin  put  through  the  head,  is  undoubtedly  better  and  more  convenient 
to  use  than  the  one  shown  in  Fig.  44,  the  latter  is  cheaper  to  make, 
because  standard  screws  can  be  taken  right  from  sto(^k,  and  a  pin  hole 
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FIff.  47.    Common  Designs  of  Leaf  in  Drill  Jigs.    Screw  D  Olamps  the  Work 

put  through  them,  after  the  heads  have  been  annealed.  If  thumb 
screws  like  the  ones  shown  in  Tables  VIII  and  IX  are  available,  they 
are  preferable,  as  they  give  a  good  hold  to  the  hand  when  they  are 
tightened,  and,  besides,  there  is  very  little  work  required  in  finishing 
them.  The  use  of  a  screw-bushing  for  clamping  work  has  already 
been  referred  to.  The  clamping  screws  mentioned  so  far  are  generally 
applied  .directly  onto  the  work,  after  having  passed  through  the  wall 
of  the  jig,  or  some  projecting  part  serving  as  a  seat  for  the  screw. 


^JKMMn«ry,iV.r. 


Flff.  48.    Clamping  Device  for  Leaf  in  DrlU  Jig 

Loose  leaves  which  swing  out,  in  order  to  permit  the  work  to  be 
inserted  and  removed,  are  usually  constructed  in  some  manner  simi- 
lar to  that  shown  in  Fig.  47,  in  which  A  represents  the  leaf,  being 
pivoted  at  B  and  held  by  a  pin  at  O,  which  goes  through  the  two 
lugs  on  the  jig  wall  and  passes  through  the  leaf,  thus  binding  the 
leaf  and  allowing  the  tightening  of  the  set-screw  D,  which  bears 
against  the  work.  The  holes  in  the  lugs  of  the  castings  are  lined 
with  steel  bushings  in  order  to  prevent  the  cast  iron  holes  from  being 
worn  out  too  soon  by  the  constant  pulling  out  and  putting  in  of  the 
pin.  This  kind  of  leaf,  when  fitted  in  nicely,  is  rather  expensive,  but 
is  used  not  only  for  binding  purposes,  but  also  for  guiding  purposes, 
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making  a  convenient  seat  for  the  bushings.    If  the  leaves  are  fitted  well 
in  place,  the  bushings  will  guide  the  cutting  tools  firmly. 

Another  way  of  holding  down  the  leaf  is  shown  in  Fig.  48,  in  which 
A  is  a  thumb  screw,  screwed  directly  into  the  wall  B  of  the  jig,  and 
holding  the  leaf  C  down,  as  indicated.  To  swing  the  leaf  out,  the 
thumb  screw  is  turned  back  about  a  quarter  of  the  turn,  so  that  the 
head  of  the  thumb  screw  stands  in  line  with  the  slot  In  the  leaf, 
this  slot  being  made  wide  and  long  enough  to  permit  the  leaf  to  clear 
the  head  of  the  thumb  screw.  This  is  a  very  rapid  way  of  clamping, 
and  is  frequently  used.  The  lower  side  of  the  head  of  the  screw 
will  wear  a  long  time  before  the  head  finally  comes  in  line  with  the 
slot  when  binding,  ft  can  then  easily  be  fixed  for  binding  the  leaf 
again  when  standing  in  a  position  where  the  head  of  the  thumb  screw 


Hff.  49.    Bye-bolt  used  for  Clamping  DrUl  Jl^r  Ijeaf' 

is  at  right  angles  to  the  slot,  by  turning  off  a  portion  of  the  head 
on  the  under  side.  The  size  of  these  thumb  screws  is  made  according 
to  the  strain  on  the  leaf  and  the  size  and  design  of  the  jig.  No 
standard  dimensions  could  be  given  for  this  kind  of  screw. 

The  hinged  bolt,  shown  in  Fig.  49,  is  also  commonly  used.  Here 
A  represents  an  eye-bolt,  which  is  connected  with  the  jig  body  by 
the  pin  B.  The  leaf  or  movable  part  C  of  the  jig  is  provided  with  a 
slot  in  the  end  for  the  eye-bolt,  this  slot  being  a  trifle  wider  than 
the  diameter  of  the  bolt.  The  threaded  end  of  the  eye-bolt  is  pro- 
vided with  a  standard  hexagon  nut,  a  knurled  head  nut  or  a  wing 
nut,  according  to  how  firmly  it  is  necessary  that  the  nut  be  tightened. 

When  the  leaf  is  to  be  disengaged,  the  nut  is  loosened  up  enough 
to  clear  the  point  at  the  end  of  the  leaf,  and  the  bolt  is  swung  out 
around  the  pin  B,  which  is  driven  directly  into  lugs  projecting  out 
from   the  jig  wall,  a  slot  being  provided  between   the  two  lugs,  as 
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shown,  so  that  the  eye-bolt  can  swing  out  with  perfect  freedom.  At 
the  opposite  end,  the  leaves  or  loose  parts  of  the  Jig  swing  around  a 
pin  the  same  as  in  Fig.  47,  the  detailed  construction  of  this  end 
heing,  most  commonly,  one  of  the  three  types  shown  in  Fig.  50.  It 
must  be  understood  that  to  provide  jigs  with  leaves  of  this  character 
involves  a  great  deal  of  work  and  expense,  and  they  are  used  almost 
exclusively  when  one  or  more  guide  bushings  can  be  held  in  the  leaf. 
When  the  jig  leaf  is  simply  intended  to  hold  one  or  more  set- 
screws  by  which  the  work  is  held  down,  it  may  be  made  and  fastened 
as  shown  in  Fig.  51.  In  this  case,  the  name  "leaf'  is  rather  out  of 
place,  and  this  fastening  device  becomes  merely  a  strap.  Some  im- 
provements of  this  kind  of  clamping  device  are  shown  in  Fig.  52, 
where  the   ends  of  the  strap  are  slotted   in  various  ways  so  as  to 
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Flff.  50.    Detail  De«i0ns  of  Joints  between  Leaf  and  Jl^r 

permit  getting  the  strap  out  of  the  way  rapidly  when  the  work  is  to 
be  removed. 

The  ordinary  jack-screw  is  employed  quite  commonly  as  a  clamping 
device  in  drill  jigs,  but  the  objection  to  its  use  is  that,  not  being  an 
integral  part  of  the  jig,  it  is  very  apt  to  get  lost.  In  Fig.  53  are 
shown  two  simple  devices  working  on  the  same  principle  as  the  jack- 
screw,  but  having  the  advantage  of  being  connected  to  the  jig  by  the 
pin  shown  at  B.  At  A  In  Fig.  53,  a  set-screw  screws  directly  into 
the  end  of  the  eye-bolt,  and  at  C  a  long  square  nut  is  threaded  on 
the  eye-bolt.  These  nuts  must  be  made  of  special  length,  and  be  made 
up  especially  for  this  purpose.  The  eye-bolts  are  fastened,  as  shown, 
directly  to  the  wall  of  the  jig,  and  the  set-screw  or  nut  is  tightened 
up  against  the  work.  The  eye-bolt  can  be  set  at  different  angles  to 
suit  the  work,  thereby  providing  a  clamping  device  which  may  be 
said  to  possess  double  adjustment.  This  device  makes  a  very  con- 
venient clamping  arrangement.  It  works  satisfactorily,  and  has  the 
advantage  of  being  easily  swung  out  of  the  way. 
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The  principle  of  clamping  work  in  the  jig  by  means  of  a  wedge 
or  tapered  gib  is  illustrated  in  Fig.  54.  The  work  is  located  between 
the  wedge  A  and  the  wall  B  of  the  jig  and  pressed  up  against  the 


Fig.  61.    Common  Clamping  Strap 

wall  by  the  wedge  which  can  be  driven  in  by  a  hammer,  or  screwed 
in  place  when  the  jig  is  constructed  as  shown.  It  is  preferable  to 
have  the  wedge  screwed  in  place,  as  it  is  then  less  apt  to  be  loosened  by 
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Maektnert^.T. 
Fig.  62.    Improved  Destgna  of  Clamping  Straps 

the  constant  vibrations  to  which  it  is  subjected,  and  at  the  same  time 
the  wedge  is  less  apt  to  get  lost,  being  an  integral  part  of  the  jig. 
The  ear  for  the  screw  may  be  placed  in  any  direction  with  regard  to 
the  gib,  as  Indicated  by  the  dotted  lines  in  the  end  view  of  Fig.  54. 
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This  tightening  device  is,  in  particular,  adapted  to  work  of  dove-tail 
shape,  as  shown  in  Fig.  55.  In  this  case  the  wedge  is  made  similar 
to  the  common  taper  gib  used  for  taking  up  the  wear  in  dove-tail 
slides.  It  is  sometimes  of  advantage  to  relieve  the  bearing  surface 
opposite  the  wedge,  as  shown  in  dotted  lines  In  Fig.  54,  in  order  to 


MaehifierytN.  Y,  ^ 
Fig.  63.    Clamplnff  Devlees  Working  on  the  Jack-screw  Prtndple 

provide  two  distinct  bearing  points,  which  prevent  the  work  from 
rocking.  The  hole  in  the  ear  of  the  gib  through  which  the  screw  passes, 
must  be  oblong,  so  that  when  the  screw  is  adjusted,  and  the  gib  moved 
in  or  out,  there  is  ample  allowance  for  the  sidewise  movement  of  the 
ear,  due  to  the  taper  of  the  gib. 
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Wedffe  or  Taper  Qib  used  for  Olampitisr 


If  it  is  required  to  get  a  bearing  on  two  points  of  a  surface  that  is 
likely  to  vary  in  its  dimensions,  a  yoke  can  be  used,  designed  on  the 
principle  of  that  shown  in  Fig.  56.  In  the  engraving,  A  is  the  work  to 
be  clamped,  and  B  is  the  yoke  which  fits  into  a  slot  in  the  center  of 
the  strap  or  clamp  C.  The  yoke  is  held  by  a  pin  D,  around  which  it 
can  swivel  to  adjust  itself  to  the  work.  It  is  evident  that  the  amount 
of  pressure  at  the  two  points  E  and  F  will  be  equal,  or  at  least  near 
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enough  so  for  all  practical  purposes,  even  though  the  screws  at  the  ends 
of  the  strap  may  not  be  equally  tightened.  In  this  device  the  pin  D 
takes  the  full  clamping  strain,  and  should  therefore  be  designed 
strong  enough,  and  the  strap  which  is  weakened  by  the  slot  and  the 
hole  in  the  center,  should  be  reinforced,  as  indicated,  at  this  place. 
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MacMnerM,N.T, 
F\g.  56.    Wedffo  uaad  tor  Cnampioff  Dove-tailed  Work 

It  is  preferable  to  have  spiral  springs  at  each  end  of  the  strap  to 
prevent  the  strap  from  slipping  down  when  the  work  is  taken  out. 
The  strap  may  be  made  either  of  cast  iron  or  machine  steel,  the 
yoke  being  made  out  of  machine  steel. 

Eccentric  clamps  and  shafts  for  binding  purposes  are  often  used. 
In  Figs.  57  and  58  are  shown  two  applications  of  the  principle  of  the 
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Fiff.  66.    BquallBJng  Clamp 


eccentric  shaft.  In  Fig.  57  the  eccentric  shaft  A  has  a  bearing  at 
both  ends,  and  the  eye-bolt  B  is  connected  to  it  at  the  center  and  is 
forced  down  when  the  eccentric  shaft  is  turned.  This  causes  the  two 
end  points  of  the  clamp  C  to  bear  on  the  work.  This  clamping 
arrangement  has  a  very  rapid  action  and  gives  good  satisfaction. 
The  throw  of  the  eccentric  shaft  may  vary  from  1/16  inch  to  about 
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1/4  inch*  depending  upon  the  diameter  of  the  shaft  and  the  accuracy 
of  the  work.  In  cases  where  it  is  required  that  the  clamp  should 
bear  in   the  center,  an  arrangement  like  the  one  shown  in  Fig.  58 


Maehin«r9,N,T. 


Fiff.  67.    Eccentrio  Cnampingr  Bolt 


may  be  used.  Here  the  eccentric  shaft  A  has  a  bearing  in  the  center 
and  eye-bolts  B  are  connected  to  it  at  the  ends.  As  the  eccentricity 
is  the  same  at  both  ends,  the  eye-bolts  or  connecting-rods  will  be  pulled 
down  evenly  when  the  lever  C  is  tnmed,  and  the  strap  D  will  get  an 
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ifocA/Aery^.r. 
Axxother  Bxample  of  Bcoentiic  Olaxnpln^  Bolt 


even  bearing  on  the  work  in  the  center.  If  the  force  of  the  clamping 
stress  is  required  to  be  distributed  equally  at  different  points  on  the 
work,  a  yoke  like  that  shown  in  Fig.  56  may  be  used  in  combination 
with  the  eccentric  clamping  device  in  Fig.  58. 
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When  it  is  essential  that  the  strap  D  should  also  be  used  for  locat- 
ing purposes,  necessary  guides  will  be  provided  for  the  strap,  so  as 
to  hold  it  in  the  required  position.  These  guiding  arrangements  may 
consist  of  rigid  rods,  ground  and  fitted  into  drilled  and  reamed  holes 
in  the  strap,  or  squarei  bars  held  firmly  in  the  Jig,  and  fitted  into 
square  slots  at  the  ends  of  the  strap.  The  bars  can  also  be  round, 
and  the  slots  at  the  ends  of  the  strap  half  round,  the  principle  in  all 
cases  remaining  the  same,  excepting,  of  course,  that  the  more  rigid 
the  guiding  arrangement  is,  the  more  may  the  accuracy  of  the  locat- 
ing be  depended  upon. 

The  ordinary  eccentric  lever  works  on  the  same  principle  as  the 
eccentric  rods  Just  described.    There  is  a  great  variety  of  eccentric 


clamping  devices,  but  they  are  not  as  commonly  used  in  present-day 
Jig  design  as  they  used  to  be  a  few  years  ago.  The  eccentric  clamp- 
ing levers,  however,  provide  good  and  rapid  clamping  action.  In  Fig. 
59  is  shown  one  especially  intended  for  clamping  finished  work.  It  is 
not  advisable  to  use  this  kind  of  lever  on  rough  castings  for  the 
reason  that  the  castings  may  vary  so  much  that  the  cam  or  eccentric 
would  require  too  great  a  throw  to  rigidly  clamp  them.  The  extreme 
throw  of  the  eccentric  lever  in  general  should  not  exceed  one-sixth  of 
the  length  of  the  radius  of  the  eccentric  arc  if  the  rise  takes  place  dur- 
ing one-quarter  of  a  complete  turn  of  the  lever.  This  wbuld  give  an 
extreme  throw  of  say  %  inch  for  a  lever  having  1%  inch  radius  of  the 
cam  or  eccentric.  Even  to  one  unfamiliar  with  this  kind  of  work,  it  is 
plain  that,  as  the  eccentric  cam  swivels  about  the  center  A,  the  lever 
being  connected  to  the  Jig  with  a  stud  or  pin,  the  face  B  of  the  cam, 
which  is  struck  with  the  radius  R  from  the  center  C,  recedes  or  ap- 
proaches the  side  of  the  work,  thereby  releasing  it  from,  or  clamping 
it  against,  the  bottom  or  wall  of  the  Jig.  The  lever  for  the  eccentric 
may  be  placed  in  any  direction,  as  indicated  by  the  full  and  dotted 
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lines  in  Fig.  59.  In  Fig.  60  is  shown  another  eccentric  lever,  which  is 
used  frequently  on  small  work  for  holding  down  straps  or  leaves,  or 
for  pulling  together  two  sliding  pieces,  or  one  sliding  and  one  stationary 
part,  which  in  their  turn  hold  the  work.  These  sliding  pieces  may  be 
V-blocks  or  some  kind  of  jaws.  The  cam  lever  is  attached  to  the 
Jig  body,  the  leaf,  or  the  Jaw,  by  a  pin  through  hole  A.  The  hook  B 
engages  the  stud  or  pin  C  which  is  fastened  in  the  opposite  Jaw  or 
part,  which  is  to  be  clamped  to  the  part  into  which  the  pin  through 
hole  A  is  fastened. 

The  variety  of  design  of  eccentric  cam  levers  is  so  great  that  it  is 
impossible  to  show  more  than  the  principles,  but  the  examples  shown 
embody  the  underlying  action  of  all  the  different  designs. 
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JIGS   AND   FIXTURES-PART   II 

CHAPTER  V 

DESIGN  OP  OPEN  DRILL  JIGS* 

To  g^iTe  any  rational  rules  or  ni«thods  for  the  design  of  drill  jigs 
would  be  almost  impossible,  as  almost  every  jig  must  be  designed  in 
a  somewhat  dilferent  way  from  every  other  jig,  to  suit  and  conform 
to  the  requirements  of  the  work.  All  that  can  be  done  is  to  lay 
down  the  principles.  The  main  principles  for. jigs  as  well  as  fixtures 
were  treated  at  length  in  Chapter  I.  It  is  proposed  in  the  following 
to  dwell  more  in  detail  on  the  carrying  out  of  the  actual  work  of 
designing  jigs. 

Before  making  any  attempt  to  put  the  lay-out  of  the  jig  on  paper, 
the  deeigner  should  carefully  consider  what  the  jig  will  be  required 
to  do,  the  limits  of  accuracy,  etc.,  and  to  form,  in  his  imagination,  a 
certain  idea  of  the  kind  of  a  jig  that  would  be  suitable  for  the  pur- 
pose. In  doing  so,  if  a  model  or  sample  of  the  work  to  be  made  is 
at  hand,  it  will  be  found  to  be  a  great  help  to  study  the  actual  model. 
If  tlie  drawing,  as  Is  most  often  the  case,  is  the  only  thing  that  is  at 
hand,  then  the  outline  of  the  work  should  be  drawn  in  red  ink  on 
the  drawing  paper,  on  which  the  jig  is  subsequently  to  be  laid  out, 
and  the  jig  built  up,  so  to  speak,  around  this  outline.  The  designing 
of  the  Jig  will  be  greatly  simplified  by  doing  this,  as  the  relation 
between  the  work  and  the  jig  will  always  be  plainly  before  the  eyes 
of  the  designer,  and  it  will  be  more  easily  decided  where  the  locating 
points  and  clamping  arrangements  may  be  properly  placed.  When 
drawing  and  projecting  the  different  views  of  the  jig  on  the  paper, 
the  red  outline  of  the  work  will  not  in  any  way  interfere,  and  when 
the  jig  is  made  from  the  drawing,  the  red  lines  are  simply  ignored, 
except  to  the  extent  to  which  the  outline  of  the  pieces  may  help 
the  tool-maker  to  understand  the  drawing  and  the  purpose  of  certain 
locating  points  and  clamping  devices. 

If  it  is  possible,  the  jig  should  be  drawn  full  size,  as  it  is  a  great 
deal  easier  to  get  the  correct  proportions,  when  so  doing.  Of  course, 
in  many  cases,  it  wilM>e  impossible  to  draw  the  jigs  full  size.  In 
such  cases  the  only  thing  to  do  is  to  draw  them  to  the  largest  pos- 
sible regular  scale.  Every  jig  draftsman  should  be  supplied  with  a 
set  of  blue-prints  containing  dimensions  of  standard  screws,  bolts, 
nuts,  thumb-screws,  washers,  wing  nuts,  sliding  points,  drills,  counter- 
bores,  reamers,  bushings,  etc.;  in  short,  with  blue-prints  giving  di- 
mensions of  all  parts  that  are  used  in  the  construction  of  jigs,  and 
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which  are,  or  can  be,  standardized.  It  should  be  required  of  every 
designer  and  draftsman  that  he  use  these  standards  to  the  largest 
possible  extent,  so  as  to  bring  the  cost  of  Jigs  down  to  as  low  a  figure 
as  possible. 

If  it  does  not  meet  with  objections  from  higher  authorities,  which 
it  ought  not  to,  it  is  highly  advantageous  for  the  obtaining  of  best 
results,  that,  before  starting  on  the  drawing,  the  draftsman  who  is  to 
lay  out  the  jig  should  converse  with  the  foreman  who  is  actually 
going  to  use  the  jig.  Oftentimes  this  man  will  be  able  to  supply  the 
best  idea  for  the  making  of  the  jig  or  tool.  Not  only  is  advantage 
taken  of  the  combined  experience  of  the  draftsman  and  the  foreman, 
but  it  is  also  a  precaution  of  great  im|X)rtance  for  making  all  parties 
feel  satisfied. 

As  a  jig  drawing,  in  most  cases,  is  only  used  once,  or  at  most  only 
a  very  few  times,  it  is  not  considered  worth  while  to  make  a  tracing 
or  blue-print  from  the  drawing,  but,  as  a  rule,  the  pencil  drawing 
itself  may  be  used  to  advantage.  If,  however,  it  is  given  out  in  the 
shop  directly  as  it  comes  from  the  drawing-board,  it  is  likely  to  get 
soiled,  and  to  be  used  in  such  a  manner  that,  after  a  while,  it  would 
be  impossible  to  make  out  the  meaning  of  the  views  shown  on  it. 
For  this  reason,  in  the  first  place.  Jig  drawings  should  be  made  on 
heavy  paper,  preferably  of  brown  color,  which  is  not  as  quickly 
soiled  as  white  paper.  In  order  to  prevent  the  drawing  being  torn, 
it  should  be  mounted  on  strawboard,  and  held  down  along  the  edges 
by  thin  wooden  strips,  nailed  to  the  board.  It  is  also  desirable  to 
cover  the  drawings  with  a  thin  coat  of  shellac  before  they  are  sent 
out  in  the  shop.  When  this  is  done,  the  dirt  and  black  spots  which 
will  be  always  found  on  the  drawing  when  it  stays  in  the  shop,  if 
only  for  a  few  hours,  may  be  washed  off  directly;  and  the  shellac 
itself  may  be  washed  oft  by  wood  alcohol,  when  the  drawing  is 
returned  to  the  drafting-room.  The  drawing,  after  having  been  cleaned, 
is  then  detached  from  the  strawboard,  which  may  be  used  over  and 
over  again.  The  drawing  is,  of  course,  filed  away  according  to  the 
drafting-room  system.  The  most  advantageous  sizes  for  jig  drawings 
for  medium  to  heavy  work  are  as  follows: 

Full  size  sheet,  40  x  27^  inches. 

Half  size  sheet,  27^  X  20  inches. 

Quarter  size  sheet,  20  X  13%  inches. 

Eighth  size  sheet,  13%  X  10  inches. 

Of  course,  these  sizes  will  vary  in  different  shops,  and  in  many 
cases,  particularly  when  the  tool  designing  department  and  the  regu- 
lar drafting-room  are  combined  as  one  drafting  department,  the  jig 
drawings  should  be  of  the  same  regular  sizes  as  the  ordinary  machine 
drawings. 

It  is  common  in  a  great  many  shops  to  make  no  detailed  drawings 
of  jigs,  but  simply  to  draw  a  sufficient  number  of  different  views  and 
sections,  and  to  dimension  the  different  parts  directly  on  the  assembly 
drawings.  In  cases  where  the  jig  drawings  are  extremely  complicated, 
and  where  they  are  covered  with  a  large  number  of  dimensions  which 
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make  it  liard  to  read  the  drawing  and  to  see  the  outlines  of  the  Jig 
body  itself,  it  has  proved  a  great  help  to  trace  the  outlines  of  the 
Jig  body,  and  of  such  portions  as  are  made  of  cast  iron,  on  tracing 
paper,  omitting  all  loose  parts,  and  simply  putting  on  the  necessary 
dimensions  for  making  the  patterns.  A  blue-print  is  then  made  from 
this  paper  tracing,  and  this  is  sent  to  the  pattern-maker,  who  will 
find  the  drawing  less  of  a  puzzle,  and  who  will  need  to  spend  far  less 
time  to  understand  how  the  pattern  actually  looks.  A  less  skilled, 
and  consequently  a  cheaper,  man  may  also  be  used  for  making  the 
pattern.  It  is,  however,  greatly  to  be  doubted  whether  it  is  good 
policy  not  to  detail  Jig  drawings  completely,  the  game  as  other  ma- 
chine details. 

When  jigs  are  made  up  for  pieces  of  work  which  require  a  great 
many  operations  to  be  carried  out  with  the  same  Jig,  and  where  a 
great  number  of  different  bushings,  different  sizes  of  drills,  ream- 
ers, counterbores,  etc.,  are  used,  a  special  operation  sheet  should  be 
provided  which  should  be  delivered  to  the  man  using  the  Jig,  together 
with  the  Jig  itself.  This  enables  him  to  use  the  Jig  to  best  advantage. 
On  this  sheet  should  be  marked  the  order  in  which  the  various  opera- 
tions are  to  be  performed,  and  the  tools  and  bushings  which  are  to 
be  used.  Of  course,  the  bushings  in  such  a  case  should  be  numbered 
or  marked  in  some  way  so  as  to  facilitate  the  selection  of  the  correct 
bushing  for  the  particular  tool  with  which  it  is  used.  If  this  system 
is  put  in  force  and  used  for  simpler  classes  of  Jigs  also,  the  operator 
will  need  few  or  no  instructions  from  his  foreman,  outside  of  this 
operation  sheet 

The  Designing  of  Open  Jigs 

The  present  chapter  will  be  devoted  to  explaining  and  illustrating 
the  application  of  the  principles  previously  outlined,  to  the  simplest 
and  most  common  design  of  drill  Jig — ^the  open  Jig.  We  will  assume 
that  the  drill  Jig  is  to  be  designed  for  a  piece  of  work,  as  shown  in 
Fig.  61.  Consideration  must  first  be  given  to  the  size  of  the  piece,  to 
the  finish  given  to  the  piece  previous  to  the  drilling  operation,  the 
accuracy  required  as  regards  the  relation  of  one  hole  to  the  other, 
and  in  regard  to  the  surfaces  of  the  piece  itself.  The  number  of 
duplicate  pieces  to  be  drilled  must  also  be  considered,  and,  in  some 
cases,  the  material. 

The  very  simplest  kind  of  drill  Jig  that  could  be  used  for  the  case 
taken  as  an  example  would  be  the  one  Illustrated  in  Fig.  62,  which 
simply  consists  of  a  flat  plate  of  uniform  thickness  of  the  same  out- 
line as  the  piece  to  be  drilled,  and  provided  with  holes  for  guiding 
the  drill.  Such  a  Jig  would  be  termed  a  Jig  plate.  For  small  pieces, 
the  Jig  plate  would  be  made  of  machine  steel  and  case-hardened,  or 
from  tool  steel  and  hardened.  For  larger  work,  a  machine  steel  plate 
can  also  be  used,  but  in  order  to  avoid  the  difficulties  which  naturally 
would  arise  from  hardening  a  large  plate,  the  holes  are  simply  bored 
larger  than  the  required  size  of  drill,  and  are  provided  with  lining 
bushings  to  guide  the  drill,  as  shown  in  Fig.  63.    It  would  not  be 
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necessary,  however,  to  have  the  Jig  plate  made  out  of  steel  for  large 
work,  as  a  cast-iron  plate  provided  with  tool  steel  or  machine 
steel  guiding  bushings  would  answer  the  purpose  just  as  well,  and 
at  the  same  time  be  much  cheaper,  and  almost  as  durable.  The  thick- 
ness of  the  jig  plate  varies  according  to  the  size  of  the  holes  to  be 
drilled  and  the  size  of  the  plate  itself. 

The  holes  in  the  jig  in  Fig.  62  and  in  the  bushings  in  the  jig  in 
Fig.  63,  are  made  the  same  size  as  the  size  of  the  hole  to  be  drilled 
in  the  work,  with  proper  clearance  for  the  cutting  tools.  If  the  size 
and  location  of  the  holes  to  be  drilled  are  not  of  great  consequence,  it  is 
sufficient  to  simply  drill  through  the  work  with  a  full  size  drill  guided 
by  the  jig  plate,  but  when  a  nice,  smooth,  standard  size  hole  is 
required,  the  holes. in  the  work  must  be  reamed.  The  hole  is  first 
spotted  by  a  spotting  drill,  which  is  of  exactly  the  same  size  as  the 
reamer  used  for  finishing,  and  which  fits  the  hole  in  the  jig  plate  or 
bushing  nicely.  Then  a  so-called  reamer  drill,  which  is  0.010  inch, 
or  less,  smaller  in  diameter  than  the  reamer,  is  put  through,  leaving 
only  a  slight  amount  of  stock  for  the  reamer  to  remove,  thereby 
obtaining  a  very  satisfactory  hole.  Sometimes  a  separate  loose  bush- 
ing is  used  for  each  one  of  these  operations,  but  this  is  expensive 
and  also  unnecessary,  as  the  method  described  gives  equally  good 
results. 

By  using  the  rose  reaming  method  very  good  results  will  also  be 
obtained.  In  this  case  two  loose  bushings  besides  the  lining  bushing 
will  be  used.  These  bushings  were  described  and  tabulated  in  Chap- 
ter II.  The  drill  preceding  the  rose  chucking  reamer  is  1/16  inch 
smaller  than  the  size  of  the  hole.  This  drill  is  first  put  through  the 
work,  a  loose  drill  bushing  made  of  steel  being  used  for  guiding  the 
drill.  Then  the  rose  chucking  reamer  is  employed,  using,  if  the  hole  in  ' 
the  jig  be  large,  a  loose  bushing  made  of  cast  iron. 

When  dimensioning  the  jig  on  the  drawing,  dimensions  should 
always  be  given  from  two  finished  surfaces  of  the  jig  to  the  center 
of  the  holes,  or  at  least  to  the  more  important  ones.  In  regard  to 
the  holes,  it  is  not  sufficient  to  give  only  the  right  angle  dimensions, 
a^  h,  c,  and  d,  etc..  Fig.  62,  but  the  radii  between  the  various  holes 
must  also  be  given.  If  there  are  more  than  two  holes,  the  radii 
should  always  be  given  between  the  nearest  holes  and  also  between 
the  holes  standing  in  a  certain  relation  to  one  another,  as,  for  instance, 
between  centers  of  shafts  carrying  meshing  gears,  sprockets,  etc.  This 
will  prove  a  great  help  to  the  tool-maker.  In  the  case  under  consid- 
eration, the  dimensions  ought  to  be  given  from  two  finished  sides  of 
the  work  to  the  centers  of  the  holes,  and  also  the  dimension  between 
the  centers  of  the  holes  to  be  drilled. 

When  using  a  simple  jig,  made  as  outlined  in  Figs.  62  and  63,  this 
jig  is  simply  laid  down  fiat  on  the  work  and  held  against  it  by  a 
Oclamp,  a  wooden  clamp,  or,  if  convenient,  held  right  on  the  drill 
press  table  by  means  of  a  strap  or  clamp,  as  shown  in  FMg.  64.  Here 
two  pieces  of  the  work  are  shown  beneath  the  jig  plate,  both  being 
drilled  at  one  time. 
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ImprovinfiT  the  Simple  Form  of  Jigr  Shown  in  Pifir.  63 
The  first  improvement  that  could  be  made  on  the  jig  shown  in 
Fig.  63  would  be  the  placing  of  locating  points  in  the  jig  plate  in  the 
form  of  pins,  as  shown  in  Fig.  65,  in  which  the  dotted  lines  represent 
the  outline  of  the  work.  The  plate  need  not  necessarily  have  the 
shape  shown  in  Fig.  65,  but  may  have  the  appearance  shown  in  Fig. 
66,  according  to  the  conditions.  As  previously  mentioned  in  this 
chapter,  exact  rules  could  not  be  given  for  the  form  and  shape  of  jigs, 
but  common  sense  together  with  the  judgment  obtained  by  long  prac- 
tice must  be  relied  upon  in  determining  the  minor  points  of  design. 

The  adding  of  the  locating  points  will,  of  course,  increase  the  cost 
of  the  jig  somewhat,  but  the  amount  of  time  saved  in  using  the  jig 
will  undoubtedly  make  up  for  the  added  expense  of  the  jig,  provided 
a  fair  number  of  pieces  is  to  be  drilled;  besides,  a  great  advantage 
is  gained  in  that  the  holes  can  always  be  placed  in  the  same  relation 
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to  the  two  sides  resting  against  the  locating  pins  on  all  the  pieces 
drilled.  The  locating  pins  are  flattened  off  to  a  depth  of  1/16  inch 
from  the  outside  circumference,  and  dimensions  should  be  given  from 
the  flat  to  the  center  of  the  pin  holes  and  to  the  center  of  the  nearest 
or  the  most  important  of  the  holes  to  be  drilled  in  the  jig.  The  same 
strapping  or  clamping  arrangements  for  the  jig  and  work,  as  men- 
tioned for  the  simpler  form  of  jig,  may  be  employed. 

Improving  the  Jig  by  Adding  Locating  Screws 
The  next  step  toward  improving  the  jig  under  consideration  would 
be  to  provide  the  jig  with  locating  screws,  as  shown  in  Fig.  67.  By 
the  addition  of  these,  the  locating  arrangements  of  the  jig  become 
complete,  and  the  piece  of  work  will  be  prevented  from  shifting  or 
moving  sideways.  These  locating  screws  should  be  placed  in  accord- 
ance with  Rule  10  laid  down  in  the  summary  of  the  principles  of  jig 
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design  in  Chapter  I,  saying  that  all  clamping  points  should  be  located 
as  nearly  opposite  to  some  bearing  points  of  the  work  as  possible. 
In  order  to  provide  for  locating  set-screws  in  our  present  jig,  three 
lugs  or  projections  A  are  added  which  hold  the  set-screws.  If  pos- 
sible the  set-screw  lugs  should  not  reach  above  the  surface  of  the 
piece  of  work,  which  should  rest  on  the  drill  press  table  when  drilling 
the  holes. 

The  present  case  illustrates  the  difficulty  of  giving  exact  rules  for 
jig  design  and  indicates  the  necessity  of  individual  judgment.  It  is 
perfectly  proper  to  have  two  set-screws  on  the  long  side  of  the  work, 
but  in  a  case  like  this  where  the  piece  is  comparatively  short  and 
stiff,  one  lug  and  set-screw,  as  indicated  by  the  dotted  lines  at  B  in 
Fig.  67,  would  be  fully  sufficient.  The  strain  of  the  set-screw  placed 
right  between  the  two  locating  pins  will  not  be  great  enough  to  spring 


MfuhiHtry.y.  i'. 
F\g.  71.    LeffS  8cr«w«d  Into  J1«r  Body 

the  piece  out  of  shape.  When  the  work  is  long  and  narrow,  two  set- 
screws  are  required  on  the  long  side,  but  whenever  a  saving  in  cost 
can  be  obtained  without  sacrificing  efficiency,  as  in  the  case  illustrated, 
two  lugs  would  be  considered  a  wasteful  design. 

Providing  Clamps  and  Feet  for  the  Jig 

The  means  by  which  we  have  so  far  clamped  or  strapped  the  work 
to  the  jig  when  drilling  in  the  drill  press  (see  Fig.  64)  have  not  been 
integral  parts  of  the  jig.  If  we  wish  to  add  clamping  arrangements 
that  are  integral  parts  of  the  jig,  the  next  improvement  would  be  to 
add  four  legs  in  order  to  raise  the  jig  plate  enough  above  the  surface 
of  the  drill  press  table  to  get  the  required  space  for  such  clamping 
arrangements.  The  completed  jig  of  the  best  design  for  rapid  manipu- 
lation and  duplicate  work  would  then  have  the  appearance  shown  in 
Fig.  68.  The  jig  here  is  provided  with  a  handle  cast  integral  with 
the  jig  body,  and  with  a  clamping  strap  which  can  be  pulled  back  for 
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removing  and  inserting  the  work.  Instead  of  having  the  legs  solid 
with  the  Jig,  as  shown  in  Fig.  68,  loose  legs,  screwed  in  place,  are 
sometimes  used,  as  shown  in  Fig.  71. 

These  legs  are  round,  and  provided  with  a  shoulder  A,  preventing 
them  from  screwing  into  the  jig  plate.  A  headless  screw  or  pin 
through  the  edge  of  the  circumference  of  the  threads  at  the  top  pre- 
vents the  studs  from  becoming  loose.  These  loose  legs  are  usually 
made  of  machine  steel  or  tool  steel,  the  bottom  end  being  hardened 
and  then  ground  and  lapped,  so  that  all  the  four  legs  are  of  the  same 
length.  It  is  the  practice  of  many  tool-makers  not  to  thread  the  legs 
into  the  jig  body,  but  simply  to  provide  a  plain  surface  on  the  end 
of  the  leg,  which  enters  into  the  jig  plate,  and  is  driven  into  place. 
This  is  much  easier,  and  there  is  no  reason  why  for  almost  all  kinds 
of  work,  jigs  provided  with  legs  attached  in  this  manner  should  not 
be  equally  durable. 

Of  course,  when  jigs  are  made  of  machine  or  tool  steel,  and  legs  are 
required,  the  only  way  to  provide  them  is  to  insert  loose  legs.  In  the 
case  of  cast-iron  Jigs,  however,  solid  legs  cast  in  place  are  preferable. 
The  solid  legs  cast  in  place  generally  have  the  appearance  shown  in 
Fig.  69.  The  two  webs  of  the  leg  form  a  right  angle,  which,  for  all 
practical  purposes,  makes  the  leg  fully  as  strong  as  if  it  were  made 
solid,  as  indicated  by  the  dotted  line  in  the  upper  view.  The  side  of 
the  leg  is  tapered  15  degrees,  as  a  rule,  as  shown  in  the  engraving, 
but  this  may  be  varied  according  to  conditions.  The  thickness  of 
the  leg  varies  according  to  the  size  of  the  jig,  the  weight  of  the  work, 
and  the  pressure  of  the  cutting  tools,  and  depends  also  upon  the  length 
of  the  leg.  The  length  h  on  top  is  generally  made  1^  times  a.  As 
an  indication  of  the  size  of  the  legs  required,  it  may  be  said  that  for 
smaller  jigs,  up  to  jigs  with  a  face  area  of  6  square  inches,  the  dimen- 
sion a  may  be  made  from  5/16  to  3/8  inch;  for  medium  sized  jigs, 
%  to  %  inch;  for  larger  sized  Jigs,  %  to  1^  inch;  but  of  course, 
these  dimensions  are  simply  indications  of  the  required  dimensions. 
As  to  the  length  of  the  legs,  the  governing  condition,  evidently,  is 
that  they  must  be  long  enough  to  reach  below  the  lowest  part  of  the 
work  and  the  clamping  arrangement 

If  a  drill  is  to  be  used  in  a  multiple  spindle  drill,  it  should  be 
designed  a  great  deal  stronger  than  it  is  ordinarily  designed  when 
used  for  drilling  one  hole  at  a  time.  This  is  especially  true  if  there 
is  a  large  number  of  holes  to  drill  simultaneously.  The  writer  has 
had  sad  experiences  with  drill  jigs  which  would  give  excellent  service 
in  common  drill  presses  for  years,  but  which,  when  put  on  a  multiple 
spindle  drill,  immediately  broke  to  pieces  as  if  subjected  to  a  hanuner- 
blow.  It  is  evident  that  the  pressure  upon  the  Jig  in  a  multiple  spin- 
dle drill  is  as  many  times  greater  than  the  pressure  in  a  common 
drill  press  as  the  number  of  drills  in  operation  at  once. 

Referring  again  to  Fig.  68^  attention  should  be  called  to  the  small 
lugs  A  on  the  sides  of  the  jig  body  which  are  cast  in  place  for  laying 
out  and  planing  purposes.  The  handle  should  be  made  about  4  inches 
long,  which  permits  a  fairly  good  grip  by  the  hand.    The  design  of 
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the  jig  shown  in  Fig.  68  is  simple,  and  fills  all  requirements  neces- 
sary for  producing  work  quickly  and  accurately.  At  the  same  time,  it 
is  strongly  and  rigidly  designed.  Locating  points  of  a  different  kind 
from  those  shown  can,  of  course,  be  used;  and  the  requirements  may 
be  such  that  adjustable  locating  points,  as  described  in  Chapter  III, 
may  be  required.  A  more  quick  acting,  but  at  the  same  time,  a  far 
more  complicated  clamping  arrangement  might  be  used,  but  the  ques- 
tion is  whether  the  added  increase  in  the  rapidity  of  manipulation  off- 
sets the  expense  thus  incurred. 

Another  improvement  which  should  not  be  overlooked,  and  which 
in  a  case  like  this  probably  could  be  made,  and  which  it  is  always 
wise  to  look  into  at  any  rate  is:  Can  more  than  one  piece  be  drilled 
at  one  time?  In  the  present  case,  the  locating  pins  can  be  made 
longer,  or,  if  there  is  a  locating  wall,  it  can  be  made  higher,  the  legs 
of  the  Jig  can  be  made  longer,  and  the  screw  holding  the  clamp  can  also 
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Fig.  72.    Jlfir  with  Wedffe  for  Holding  the  Work 

be  increased  in  length;  if  the  pieces  of  work  are  thick  enough, 
set-screws  for  holding  the  work  against  the  locating  pins  can  be  placed 
in  a  vertical  line,  or  if  the  pieces  be  narrow,  they  can  be  placed 
diagonally,  so  as  to  gain  space.  If  the  pieces  are  very  thin,  the  locat- 
ing might  be  a  more  difficult  proposition.  If  they  are  made  of  a 
uniform  width,  they  could  simply  be  put  in  the  slot  in  the  bottom  of 
the  Jig,  as  shown  in  Fig.  70,  or  if  a  Jig  on  the  principles  of  the  one 
shown  in  Fig.  68,  is  used,  they  might  be  located  sideways  by  a  wedge, 
as  shown  in  Fig.  72.  A  couple  of  lugs  A  would  then  be  added  to  hold 
the  wedge  in  place,  and  take  the  thrust.  In  both  cases  the  pieces 
must  be  pushed  up  in  place  endways  by  hand.  If  the  pieces  are  not 
of  exactly  uniform  size,  and  it  is  desired  to  drill  a  number  at  a  time, 
they  must  be  pushed  up  against  the  locating  pins  by  hand  from  two 
sides,  and  the  clamping  strap  must  be  depended  upon  to  clamp  them 
down  against  the  pressure  of  the  cut,  and  at  the  same  time  prevent 
them  from  moving  side  or  endwise.  If  the  accuracy  of  the  location 
of  the  holes  is  important,  but  one  piece  at  a  time  should  be  drilled. 
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EXAMPLES  OP  OPEN  DRILL  JIGS* 

A  typical  example  of  an  open  drill  Jig,  very  similar  to  the  one 
developed  and  explained  in  the  previous  chapter,  is  shown  in  Fig.  73. 
The  work  is  located  against  the  three  locating  pins  A,  and  held  in 
place  against  these  pins  by  the  three  set-screws  B.  The  three  straps  C 
hold  the  work  securely  against  the  finished  pad,  in  the  bottom  of  the 
Jig.  These  clamps  are  so  placed  that  when  the  work  has  been  drilled 
and  the  clamp  screws  loosened,  the  clamps  will  swing  around  a  quar- 
ter of  a  turn,  allowing  the  work  to  be  lifted  directly  from  the  Jig  and 
a  new  piece  of  work  inserted;  then  the  clamps  are  again  turned 
around  into  the  clamping  position,  and  the  screws  tightened.    These 
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Fiff.  78.    Bxample  of  Open  DrOl  Jiff.    View  showing  Front  Bide 

Straps  are  integral  parts  of  the  Jig;  at  the  same  time,  they  are 
quickly  and  easily  manipulated,  and  do  not  interfere  with  the  rapid 
removal  and  insertion  of  the  work.  The  strength  and  rigidity  of  the 
feet  in  proportion  to  the  Jig  should  be  noted,  this  strength  being 
obtained  by  giving  proper  shape  to  the  feet,  without  using  an  unneces- 
sary quantity  of  metal. 

The  Jig  in  Fig.  73  is  also  designed  to  accommodate  the  component 
part  of  the  work  when  it  is  being  drilled.  When  this  is  done,  the 
work  is  held  on  the  back  side  of  the  jig,  shown  in  Fig.  74.  This  side 
is  also  provided  with  feet,  and  has  a  finished  pad  against  which  the 
work  is  held.  The  locating  pins  extend  clear  through  the  central 
portion  of  the  Jig  body,  and,  consequently,  will  locate  the  component 

•Machixeby,  October.  1908. 
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part  of  the  work  in  exactly  the  same  position  as  the  piece  of  work 
being  drilled  on  the  front  side  of  the  Jig.  The  same  clamping  straps 
are  used,  the  screws  being  simply  put  in  from  the  opposite  side  into 
the  same  tapped  lioles  as  are  used  when  clamping  on  the  front  side 
of  the  jig.  The  four  holes  D  are  guide  holes  for  drilling  the  screw 
holes  in  the  work,  these  being  drilled  the  body  size  of  the  bolt  in 
one  part,  and  the  tap  drill  size  in  the  component  part.  The  lining 
bushing  in  the  holes  D  serves  as  a  drill  bushing  for  drilling  the  body 
size  holes.  The  loose  bushing  £7,  Fig.  73,  is  used  when  drilling  the 
tap  holes  in  the  component  part,  the  inside  diameter  of  this  bushing 
being  the  tap  drill  size,  and  the  outside  diameter  a  good  fit  in  the 
lining  bushing.  The  two  holes  F,  Fig.  74,  are  provided  with  drill 
bushings  and  serve  as  guides  when  drilling  the  dowel  pin  holes,  which 
are  drilled  below  size,  leaving  about  0.010  inch,  and  are  reamed  out 


Pig.  74.    Rear  View  of  Drill  Jljr  shown  In  Pig.  73 

after  the  two  component  parts  of  the  work  are  put  together.  The 
two  holes  shown  in  the  middle  of  the  Jig  in  Fig.  73,  and  which  are 
provided  with  lining  bushings,  and  also  with  loose  bushings,  as  shown 
inserted  in  Fig.  74,  may  be  used  for  drilling  and  reaming  the  bearing 
holes  for  the  shafts  passing  through  the  work.  In  this  particular  case, 
however,  they  are  only  used  for  rough-drilling  the  holes,  to  allow  the 
boring-bars  to  pass  through  when  finishing  the  work  by  boring  in  a 
special  boring  jig,  after  the  two  parts  of  the  work  have  been  screwed 
together. 

The  large  bushings  shown  beside  the  jig  in  Fig.  73  are  the  loose 
bushings  shown  in  place  in  Fig.  74.  It  will  be  noted  that  the  bush- 
ings are  provided  with  dogs  for  easy  removal,  as  explained  in  Chap- 
ter II,  and  illustrated  in  Fig.  11.  As  the  central  portion  of  the  jig 
body  is  rather  thin,  it  will  be  noticed  in  Fig.  74  that  the  bosses  for 
the  central  holes  i  reject  outside  of  the  jig  body  in  order  to  give  a 
long  enough  bearing  to  the  bushings.     This,  of  course,  can  be  done 


Digitized  by  CjOOQ iC 


OPEN  DRILL  JIGS  15 

only  when  such  a  projection  does  not  Interfere  with  the  work.  The 
hosses,  in  this  particular  case,  also  serve  another  purpose.  They  make 
the  jig  "fool-proof/*  because  the  pieces  drilled  on  the  side  of  the  jig 
shown  In  Fig.  73  cannot  be  put  on  the  side  shown  in  Fig.  74,  the 
bosses  preventing  the  piece  from  being  placed  In  position  In  the  jig. 
Attention  should  be  called  to  the  simplicity  of  the  design  of  this 
jig.  It  simply  consists  of  a  cast-iron  plate,  with  finished  seats,  and 
feet  projecting  far  enough  to  reach  below  the  work  .when  drilling, 
three  dowel  pins,  set-screws  for  bringing  the  work  up  against  the 
dowel  pins,  three  clamps,  and  the  necessary  bushings.  The  heads  of 
all  the  set-screws  and  bolts  should.  If  possible,  be  made  the  same  size, 
so  that  the  same  wrench  may  be  used  for  tightening  and  unscrewing 
all  of  them.     It  can  also  be  plainly  seen  from  the  half-tones  that  there 


Flff.  76.    DrlU  Jiff  Used  for  Drilling  Work  shown  to  the  Ri«ht 

are  no  unnecessarily  finished  surfaces  on  the  jig,  a  matter  which  Is 
highly  Important  In  economical  production  of  tools. 

Another  example  of  an  open  drill  jig,  similar  in  design  to  the  one 
just  described.  Is  shown  In  Fig.  75.  The  work  to  be  drilled  in  this 
jig  Is  shown  at  A  and  B  at  the  right-hand  side  of  the  jig.  In  this 
case,  the  work  is  located  from  the  half-circular  ends.  The  pieces  A 
and  B  are  component  parts,  and  when  finished  are  screwed  together. 
The  piece  4  is  located  against  three  dowel  pins,  and  pushed  against 
them  by  set-screw  C,  and  held  in  position  by  three  clamping  straps, 
as  shown  In  Fig.  76.  In  this  case,  the  straps  are  provided  with  oblong 
slots  as  indicated,  and  when  the  clamp  screws  are  loosened,  the  clamps 
are  simply  pulled  backward,  permitting  the  insertion  and  removal  of 
the  work  without  Interference.  It  would  Improve  this  clamping  ar- 
rangement to  place  a  stiff  helical  spring  around  the  screws  under  each 
strap,  80  that  the  straps  would  be  prevented  from  falling  down  to  the 
bottom  of  the  jig  when  the  work  is  removed.    At  the  same  time  this 
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would  prevent  the  straps  from  swivellng  around  the  screws  when  not 
clamped. 

In  Fig.  77,  the  part  B  in  Fig.  75  is  shown  clamped  in  position  for 
drilling,  the  opposite  side  of  the  jig  being  used  for  this  purpose.     In 


Flff.  76.    Drill  Jiff  shown  in  Flff.  76  with  Work  In  Place 

Jig  design  of  this  kind  it  is  necessary  to  provide  some  means  so  that 
the  parts  A  and  B  will  be  placed  each  on  the  correct  side  of  the  jig, 
or,  as  said  before,  the  jig  should  be  made  "fool-proof."     in  the  present 


Plff.  77.    Rear  View  of  DriU  Jiff  shown  in  Plff.  76,  with  Cover 
to  be  DriUed  in  Place 

case,  the  parts  cannot  be  exchanged  and  placed  on  the  wrong  side, 
because  the  cover  or  guard  B  cannot  be  held  by  the  three  straps 
in  Fig.  76,  because  the  screws  for  the  straps  are  not  long  enough.  On 
the  other  hand,  the  piece  A  could  not  be  placed  on  the  side  shown  in 
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Fig.  77,  because  the  long  bolt  and  strap  used  for  clamping  on  this  side 
would  interfere  with  the  work. 

It  may  appear  to  be  a  fault  in  design  that  three  straps  are  used  to 
fasten  the  piece  A  in  place,  and  only  one  is  employed  for  holding 
piece  B.  This  difference  in  clamping  arrangement,  however.  Is  due 
to  the  different  number  and  the  different  sizes  of  holes  to  be  drilled 
in  the  different  pieces.  The  holes  in  the  piece  A  are  larger  and  the 
number  of  holes  is  greater,  and  a  heavier  clamping  arrangement  is, 
therefore,  required,  inasmuch  as  the  thrust  on  the  former  is  corre- 
spondingly greater,  the  multiple  spindle  drill  being  used  for  drilling 
the  holes.  If  each  hole  were  drilled  and  reamed  individually,  the 
design  of  the  jig  could  have  been  comparatively  lighter. 

In  the  design  shown,  the  locating  of  each  piece  individually  in  any 
but  the  right  way  is  also  taken  care  of.    The  piece  A,  which  is  shown 


tn^.  78.    DrlU  Jl0  fbr  Parta  of  .Friction  Clutches  shown  at  the  Riffht 

in  place  in  the  jig  BMg.  76,  could  not  be  swung  around  into  another 
position,  because  the  strap  and  screw  at  E  would  interfere.  For  the 
same  reason,  the  cover  or  guard  B  could  not  be  located  except  in  the 
right  way.  As  shown  in  Fig.  77,  the  strap  and  screw  would  have  to 
be  detached  from  the  jig  in  order  to  get  the  cover  in  place,  if  it  were 
turned  around.  The  locating  pins  for  the  work  pass  clear  through 
the  body  of  the  jig,  and  are  used  for  locating  both  pieces.  The  pieces 
are  located  diagonally  in  the  jig,  because,  by  doing  so,  it  is  possible 
to  make  the  outside  dimensions  of  the  jig  smaller.  In  this  particular 
case  the  parts  are  located  on  the  machine  to  which  they  belong,  in  a 
diagonal  direction,  so  that  the  additional  advantage  is  gained  of  being 
able  to  use  the  same  dimensions  for  locating  the  jig  holes  as  are  used 
on  the  drawing  for  the  machine  details  themselves.  This  tends  to 
eliminate  mistakes  in  making  the  jigs  as  well. 

Sometimes,  when  more  or  less  complicated   mechanisms  are  com- 
posed of  several  parts  fitted  together  and  working  in  relation  to  each 
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other,  as,  for  Instance,  friction  clutches,  one  jig  may  be  made  to 
serve  for  drilling  all  the  individual  parts,  by  the  addition  of  a  few 
extra  parts  applied  to  the  jig  when  different  details  of  the  work  are 
being  drilled.  In  Figs.  78,  79,  and  80,  such  a  case  is  illustrated.  The 
pieces  A,  B,  and  C,  in  Fig.  78,  are  component  parts  of  a  friction  clutch, 
and  the  jig  in  which  these  parts  are  being  drilled,  is  shown  in  the 
same  figure,  to  the  left  Suppose  now  that  we  wish  to  drill  the 
friction  expansion  ring  A.  The  jig  is  bored  out  to  fit  the  ring  before 
it  is  split,  and  when  it  is  only  rough-turned,  leaving  a  certain  number 
of  thousandths  of  an  inch  for  finishing.  The  piece  is  located,  as 
shown  in  Fig.  79,  against  the  steel  block  D  entering  into  the  groove 
in  the  ring,  and  is  then  held  by  three  hook-bolts,  which  simply  are 
swung  around  when  the  ring  is  inserted  or  removed:  The  hook-bolts 
are  tightened  by  nuts  on  the  back  side  of  the  jig.    Three  holes  marked 
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F\g.  79.    Drill  Jiff  shown  in  Plff.  78,  with  One  of  the  Pieces  In  Place 

E  in  Fig.  79,  are  drilled  simultaneously  in  the  multiple  spindle  drill, 
and  the  fourth  hole  F  (see  Fig.  78),  is  drilled  by  turning  the  jig  on 
the  side.  The  steel  block  D,  Fig.  79,  is  hardened,  and  has  a  hole  to 
guide  the  drill  when  passing  through  into  the  other  side  of  the  slot 
in  the  ring.  The  block  is  held  in  place  by  two  screws  and  two  dowel 
pins. 

When  drilling  the  holes  in  the  lugs  in  the  friction  sleeve  JB,  Fig.  78, 
the  block  D  and  the  hook-bolts  are  removed.  It  may  be  mentioned 
here,  although  it  is  a  small  matter,  that  these  parts  should  be  tied 
together  when  removed,  and  there  should  be  a  specified  place  where 
all  the  parts  belonging  to  a  particular  jig  should  be  kept  when  not 
in  use.  The  friction  sleeve  B  fits  over  the  collar  G,  Fig.  80.  This 
collar  is  an  extra  piece,  belonging  to  the  jig,  and  used  only  when 
drilling  the  friction  sleeve;  it  should  be  marked  with  instructions  for 
what  purpose  it  is  used.  The  collar  O  fits  over  the  projecting  finished 
part  H  in  the  center  of  the  jig,  and  is  located  in  its  right  position  by 
the   keyways   shown.    The   keyway    in    the    friction    sleeve   JB,    which 
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must  be  cut  and  placed  in  the  right  relation  to  the  projecting  lugs  be- 
fore the  piece  can  be  drilled,  locates  the  sleeve  on  the  collar  (7, 
which  is  provided  with  a  corresponding  keyway.  A  flange  on  the 
collar  O,  as  shown  more  plainly  at  L  in  Fig.  80,  locates  the  friction 
sleeve  at  the  right  distance  from  the  bottom  of  the  Jig,  so  that  the 
holes  will  have  a  proper  location  sideways.  Two  collars,  G  and  L, 
are  used  for  the  same  piece  B,  this  being  necessary  because  the  holes 
M  and  M  in  the  projecting  lugs  shown  in  Fig.  78  are  not  placed  in  the 
same  relation  to  the  sides  of  the  friction  sleeve.  The  collars  are 
marked  to  avoid  mistakes,  and  corresponding  marks  on  the  Jig  pro- 
vided so  as  to  assure  proper  location.  The  friction  sleeve  is  clamped 
in  place  by  a  strap  which  in  this  case  does  not  form  an  integral  part 
of  the  Jig.  This  arrangement,  however,  is  cheaper  than  it  would  have 
been  to  carry  up  two  small  projections  on  two  sides  of  the  Jig,  and 


Flff.  80.    DrlU  Jl0  shown  in  Flff.  78  used  for  Drilllnir  Friction  Sleeve 

employ  a  swinging  leaf  and  an  eye-bolt,  or  some  arrangement  of  this 
kind.  Besides,  the  strap  is  rather  large,  and  could  not  easily  get  lost. 
The  Jig  necessarily  has  a  number  of  loose  parts,  on  account  of  being 
designed  to  accommodate  different  details  of  .the  friction  clutch. 

The  friction  disks  C,  in  Fig.  78,  when  drilled,  fit  directly  over  the 
projecting  finished  part  H  of  the  Jig.  and  are  located  on  this  projec- 
tion by  a  square  key.  The  work  is  brought  up  against  the  bottom 
of  the  Jig  and  held  in  this  position  by  the  strap  used  in  Fig.  80  for 
holding  the  friction  sleeve.  The  bushings  of  different  sizes  shown  in 
Fig.  80,  are  used  for  drilling  the  different  sized  holes  in  the  different 
parts. 

In  all  the  various  types  of  drill  Jigs  described  above,  the  thrust  of 

the  cutting  tools  is  taken  by  the  clamping  arrangement    In   many 

cases,  however,  no  actual  clamping  arrangements  are  used,  but  the 

work  itself  takes  the  thrust  of  the  cutting  tools,  and  one  depends 

-entirely  upon  the  locating  means  to  hold  the  piece  or  Jig  in  the  right 
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position  when  performing  the  drilling  operation.  •  It  may  be  well  to 
add  that  large  bushings  ought  to  be  marked  with  the  size  and  kind 
of  cutting  tool  for  which  they  are  intended;  and  the  corresponding 
place  in  the  Jig  body  where  they  are  to  be  used  should  be  marked  so 
that  the  right  bushing  can  easily  be  placed  in  the  right  position. 

A  few  more  examples  of  open  drill  Jig  designs  of  various  types  may 
prove  instructive.  In  Fig.  81  are  shown  two  views  of  a  Jig  for  drilling 
two  holes  through  the  rim  of  a  hand-wheel.  To  the  left  is  shown  the 
Jig  itself  and  to  the  right  the  Jig  with. the  hand-wheel  mounted  in 
place,  ready  for  drilling.  As  shown,  the  hand-wheel  is  located  on  a 
stud  through  its  bore,  and  clamped  to  the  Jig  by  passing  a  bolt 
through  the  stud,  this  bolt  being  provided  with  a  split  washer  on  the 
end.  The  split  washer  permits  the  easy  removal  of  the  hand- wheel 
when  drilled,  and  the  putting  in  place  of  another  hand-wheel  without 


Fig.  81.    Drill  Jiff  for  Holes  in  Rim  of  Hand-wheel 

loss  of  time.  The  hand-wheel  is  located  by  two  set-screws  B  passing 
through  two  lugs  projecting  on  each  side  of  a  spoke  in  the  hand- 
wheel,  the  set-screws  B  holding  the  hand-wheel  in  position  while  being 
drilled  by  clamping  against  the  sides  of  the  spoke.  The  Jig  is  fast- 
ened on  the  edge  of  the  drill  press  table,  in  a  manner  similar  to  that 
indicated  in  the  half-tone,  so  that  the  table  does  not  interfere  with 
the  wheel.  The  vertical  hole,  with  the  drill  guided  by  bushing  O,  Is 
now  drilled  in  all  the  hand-wheels,  this  hole  being  drilled  into  a  lug 
in  the  spoke  held  by  th^  two  set-screws  B.  When  this  hole  Is  drilled, 
the  Jig  is  moved  over  to  a  horizontal  drilling  machine,  and  the  hole  D 
Is  drilled  in  all  the  hand-wheels,  the  Jig  being  clamped  to  the  table  of 
this  machine  In  a  similar  manner  as  on  the  drill  press. 

In  Fig.  82,  at  A,  an  open  drill  Jig  of  a  type  similar  to  those  shown 
In  Figs.  73  and  75,  Is  shown.  This  Jig,  however.  Is  provided  with  a 
V-block  locating  arrangement.    An   objectionable   feature  of  this  Jig 
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Is  that  the  one  clampiBg  strap  is  placed  in  the  center  of  the  piece  to 
be  drilled.  Should  this  piece  be  slender,  it  may  cause  it  to  bend,  as 
there  is  no  bearing  surface  under  the  work  at  the  place  where  the 
clamp  is  located,  for  taking  the  thrust  of  the  clamping  pressure. 

At  B  and  C  in  the  same  engraving  are  shown  the  front  and  back 
views  of  a  drill  Jig,  where  the  front  side  B  is  used  for  drilling  a  small 
piece  located  and  held  in  the  jig  as  usual;  and  the  back  side  C.  which 


Flff.  82.    Miscellaneous  Examples  of  Open  DrlU  Jlffs 

is  not  provided  with  feet,  is  located  and  applied  directly  on  the  work 
itself  in  the  place  where  the  loose  piece  is  to  be  fastened,  the  work 
In  this  case  being  so  large  that  it  supports  the  Jig,  instead  of  the  jig 
supporting  the  work. 

At  D  in  the  same  engraving  is  shown  a  Jig  for  locating  work  by 
means  of  a  tongue  E,  This  tongue  fits  into  a  corresponding  slot  in 
the  work.  This  means  for  locating  the  work  was  referred  to  more 
completely  in  connection  with  locating  devices.  Finally,  at  F,  is 
shown  a  jig  where  the  work  is  located  by  a  slot  O  in  the  jig  body, 
into  which  a  corresponding  tongue  in  the  work  fits. 
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DESIGN  OP  CLOSED  OR  BOX  JIGS* 

In  Chapters  V  and  VI,  the  subject  of  the  design  of  open  drill  jigs 
has  been  dealt  with.  In  the  present  chapter  it  is  proposed  to  outline 
the  development  of  the  design  of  closed  or  box  jigs. 

We  will  assume  that  the  holes  in  a  piece  of  work,  as  shown  in 
Fig.  83,  are  to  be  drilled.  Holes  A  are  drilled  straight  through  the 
work,  while  holes  B  and  C  are  so-called  "blind  holes/'  drilled  into  the 
.work  from  the  opposite  sides.  As  these  holes  must  not  be  drilled 
through,  it  is  evident  that  the  work  must  be  drilled  from  two  sides, 
and  the  guiding  bushings  for  the  two  blind  holes  must  be  put  in 
opposite  sides  of  the  jig.  The  simplest  form  of  jig  for  this  work  is 
shown  in  Fig.  84.  The  piece  of  work  D  is  located  between  the  two 
plates  E,  which  form  the  jig,  and  which,  if  the  jig  be  small,  are  made 
of  machine  steel  and  case-hardened.     If  the  jig  is  large  these  plates 
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Plff.  88.    Work  to  be  DriUed 


are  made  of  cast  iron.  The  work  D  is  simply  located  by  the  outlines 
of  the  plates,  which  are  made  to  the  same  dimensions,  as  regards 
width,  as  the  work  itself.  The  plates  are  held  in  position  in  relation 
to  each  other  by  the  guiding  dowel  pins  F,  These  pins  are  driven 
into  the  lower  plate  and  have  a  sliding  fit  in  the  upper  one.  In  some 
cases,  blocks  or  lugs  on  one  plate  would  be  used  to  fit  into  a  slot  in 
the  other  plate  instead  of  pins.  These  minor  changes,  of  course, 
depend  upon  the  nature  of  the  work,  the  principle  involved  being 
that  some  means  must  be  provided  to  prevent  the  two  plates  from 
shifting  in  relation  to  each  other  while  drilling.  The  whole  device  is 
finally  held  together  by  clamps  of  suitable  form.  The  holes  A  may  be 
drilled  from  either  side  of  the  jig,  as  they  pass  clear  through  the 
work,  and  the  guides  for  the  drills  for  these  holes  may,  therefore,  be 
placed  in  either  plate.    Opposite  the  bushings  in  either  plate  a  hole 


♦  Machinery,  November,  1908. 
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is  drilled  in  the  other  plate  for  clearance  for  the  drill  when  passing 
through,  and  for  the  escape  of  the  chips. 

The  two  plates  should  be  marked  with  necessary  general  informa- 
tion regarding  the  tools  to  be  used,  the  position  of  the  plates,  etc.,  to 
prevent  mistakes  by  the  operator.    It  is  also  an  advantage,  not  to 
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Flff.  84.    Slinplest  Form  of  Closed  Jiff  for  DxlUlnff  Work  In  Pig.  83 

say  a  necessity,  to  use  some  kind  of  connection  between  the  plates  in 
order  to  avoid  such  mistakes,  as  for  instance,  the  placing  of  the  upper 
plate  in  a  reversed  position,  the  wrong  pins  entering  into  the  dowel 
pin  holes.  This,  of  course,  would  locate  the  holes  in  a  faulty  position. 
Besides,  if  the  upper  plate  be  entirely  loose  from  the  lower,  it  may 
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Flff.  86.    Jiff  in  Flff.  84  Improved  by  addlnff  Locatinff  Pins 


drop  oft  when  the  jig  is  stored,  and  get  mixed  up  with  other  tools. 
Some  means  of  holding  the  two  parts  together,  even  when  not  in  use, 
or  when  not  clamped  down  on  the  work,  should  therefore  be  provided. 
Such  a  means  is  employed  in  Fig.  84,  where  the  screw  G  enters  into 
the  guiding  dowel  pin  at  the  left,  and  holds  the  upper  plate  in  place. 
A  pin  H,  fitting  into  an  elongated  slot  in  the  dowel  pin  as  shown  at 
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the  left,  could  also  be  used  instead  of  the  screw.  The  design  shown 
presents  the  very  simplest  form  of  box  Jig,  consisting,  as  it  does,  of 
only  two  plates  for  holding  the  necessary  guiding  arrangements,  and 
two  pins  or  other  means  for  locating  the  plates  in  relation  to  each 
other. 

In  manufacturing,  where  a  great  number  of  duplicate  parts  would 
be  encountered,  a  Jig  designed  in  the  simple  manner  shown  in  Fig.  84 
would,  however,  be  wholly  inadequate.  The  simplest  form  of  a  Jig  that 
may  be  used  in  such  a  case  would  be  one  in  which  some  kind  of  locating 
means  is  employed,  as  indicated  in  Fig.  85,  where  three  pins  are 
provided,  two  along  the  side  of  the  work,  and  one  for  the  end  of  the 
work,  against  which  the  work  may  be  pushed,  prior  to  the  clamp- 
ing together  of  the  two  Jig  plates.  In  this  figure  the  Jig  bushings  are 
not  shown  in  the  elevation  and  end  view,  in  order  to  avoid  confusion 
of  lines.  The  next  improvement  to  which  this  Jig  would  be  subject 
would  be  the  adding  of  walls  at  the  end  of  the  Jig  and  the  screwing 


M-^ 


I  p 


a 

I      J       "^       !     Ill       III       III  III        ' 


F=r 


Xaehin€ry^\T, 


Fig.  80.    Further  Improvements  In  J\g,  suitlnff  It  to  llanuflacturlng  Purposes 

together  of  the  upper  and  lower  plate,  the  result  being  a  Jig  as  shown 
in  Fig.  86.  This  design  presents  a  more  advanced  style  of  closed  Jig — 
a  type  which  could  be  recommended  for  manufacturing  purposes.  While 
the  same  fundamental  principles  are  still  in  evidence,  we  have  here 
a  Jig  embodying  most  of  the  requirements  necessary  for  rapid  work. 
This  design  provides  for  integral  clamping  means  within  the  Jig  itself, 
this  being  provided  In  this  case  by  the  screws  J.  The  upper  plate  K 
is  fastened  to  the  walls  of  the  lower  plate  L  by  four  or  more  screws  If, 
ana  two  dowel  pins  N.  The  cover  K  could  also  be  put  on,  as  shown  in 
Fig.  87,  by  making  the  two  parts  a  good  fit  at  O,  one  piece  being  tongued 
into  the  other.  This  gives  greater  rigidity  to  the  Jig.  In  this  Jig,  also, 
solid  locating  lugs  F  are  used  instead  of  pins. 

Referring  again  to  Fig.  86,  by  providing  a  swinging  arm  P  with  a  set- 
screw  Q,  the  work  can  be  taken  out  and  can  be  inserted  from 
the   side   of   the   Jig,   which    will    save    making   any    provisions   for 
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taking  off  or  putting  on  the  top  cover  for  every  piece  being  drilled. 
If  there  is  enough  clearance  between  the  top  cover  and  the  piece  being 
drilled,  the  screw  Q  could,  of  course,  be  mounted  in  a  solid  lug,  but 
it  would  not  be  advantageous  to  have  so  large  a  space  between  the 
top  plate  and  the  work,  as  the  drill  would  have  to  extend  unguided 
for  some  distance  before  it  would  reach  the  work.    The  set-screws  Q 
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FIff.  87.    AltematlTe  Dest^n  of  Jig  shown  in  Pi^.  86 

and  V  hold  the  work  against  the  locating  points,  and  the  set-screws  J 
on  the  top  of  the  jig,  previously  referred  to,  hold  the  work  down  on 
the  finished  pad  R  on  the  bottom  plate.  These  screws  also  take  the 
thrust  when  the  hole  0  is  drilled  from  the  bottom  side«  It  is  rather 
immaterial  on  which  side  the  bushings  for  guiding  the  drills  for  the 
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Flff.  88. 


Bliowlnfr  Use  of  Jiff  in  Figr.  86  in  Combination  with  Two  Parallels 


two  holes  A  are  placed,  but  by  placing  them  in  the  cover  rather  than 
in  the  bottom  plate,  three  out  of  the  four  bushings  will  be  located  in 
the  top  part,  and  when  using  a  multiple  spindle  drill,  the  face  R  will 
take  the  greater  thrtist,  which  is  better  than  to  place  the  thrust  on 
the  binding  screws  J,  In  the  designs  in  Figs.  86  and  87  the  whole  top 
and  bottom  face  of  the  jig  must  be  finished,  or  a  strip  marked  /  in 
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Fig.  88,  at  both  ends  of  the  top  and  bottom  surfaces,  must  be  provided, 
so  that  it  can  be  finished,  and  the  Jig  placed  on  parallels  D  as  illus- 
trated. 

While  the  Jig  itself,  developed  so  far,  possesses  most  of  the  neces- 
sary points  for  rapid  production  and  accurate  work,  the  use  of  paral- 
lels, as  indicated  in  Fig.  88,  for  supporting  the  Jig  when  turned  over 
so  that  the  screw  heads  of  the  clamping  screws  point  downward,  is 
rather  unhandy.  Therefore,  by  adding  feet  to  the  Jig,  as  showii  in 
Fig.  89,  the  handling  of  the  Jig  will  be  a  great  deal  more  convenient 
The  adding  of  the  protruding  handle  B  will  still  further  increase  the 
convenience  of  using  the  Jig.  The  design  in  Fig.  89  also  presents  an 
improvement  over  that  in  Fig.  86  in  that  besides  the  adding  of  feet 
and  handle,  the  leaf  or  strap  E  is  used  for  holding  screw  Q  instead 
of  the  arm  P.  This  latter  is  more  apt  to  bend  if  not  very  heavy, 
and  would  then  bring  the  set-screw  in  an  angle  upwards,  which  would 


Fl0.  89.    Jiff  Improved  by  addlnff  Feet  opposite  Faces  oontalxilnff  Drill  Bushlsffs 

have  a  tendency  to  tilt  the  work.  The  strap  can  be  more  safely 
relied  upon  to  clamp  the  work  squarely.  To  set-screws  /  are  shown 
for  holding  the  work  in  place.  The  number  of  these  set-screws,  of 
course,  depends  entirely  upon  the  size  of  the  work,  and  the  size  of  the 
holes  to  be  drilled.  Sometimes  one  set-screw  is  quite  sufficient,  which, 
in  this  case,  would  be  placed  in  the  center,  as  indicated  by  the  dotted 
lines  in  Fig.  86. 

The  type  of  Jig  shown  in  Fig.  89  now  possesses  all  the  features 
generally  required  for  a  good  Jig,  and  presents  a  type  which  is  largely 
used  in  manufacturing  plants,  particularly  for  fairly  heavy  work. 
The  Jig  shown  in  Fig.  90,  however,  represents  another  type,  some- 
what different  from  the  Jig  in  Fig.  89.  The  Jig  in  Fig.  89  is  composed 
of  two  large  separate  pieces,  which,  for  large  Jigs,  means  two  separate 
castings,  involving  some  extra  expense  in  the  pattern-shop  and  foun- 
dry. The  reason  for  making  the  Jig  in  two  parts,  instead  of  casting 
it  in  one,  is  because  it  makes  it  more  convenient  when  machining  the 
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jig.  Tbe  locating  points,  however,  are  somewhat  hidden  from  view 
when  the  piece  is  inserted.  The  Jig  shown  in  Fig.  90  consists  of  only 
one  casting  Lt,  provided  with  feet,  and  resembles  an  open  drill  Jig. 
The  work  is  located  in  a  manner  similar  to  that  already  described, 
and  the  leaf  D,  wide  enough  to  take  in  all  the  bushings  except  the 
one  for  the  hole  that  must  be  drilled  from  the  opposite  side,  is  fitted 
across  the  Jig  and  given  a  good  bearing  between  the  lugs  in  the  jig 
wall.  It  swings  around  the  pin  E,  and  is  held  down  by  the  eye-bolt  F 
with  a  nut  and  washer.  Sometimes  a  wing-nut  is  handier  than  a 
hexagon  nut.  Care  should  be  taken  that  the  feet  reach  below  the  top 
of  the  nut  and  screw.  The  set-screw  G  holds  the  work  down,  and 
takes  the  thrust  when  the  hole  from  the  bottom  side  is  drilled.  The 
three  holes  A±  and  B  are  drilled  from  the  top  so  that  the  thrust  of 


^le 


Flff.  90.    Alternative  Design  of  Jiff  In  ^Iff.  80 

the  drilling  these  three  holes  will  be  taken  by  the  bottom  of  the 
jig  body  L.  If  one  set-screw  G  is  not  sufficient  for  holding  the  work 
in  place,  the  leaf  may  be  made  wider  so  as  to  accommodate  more 
binding  screws. 

It  should  be  mentioned  here,  however,  that  it  is  an  objectionable 
feature  to  place  the  clamping  screws  in  the  bushing  plate.  If  the 
leaf  has  not  a  perfect  fit  in  its  seats  and  on  the  swiveling  pin,  the 
screws  will  tilt  the  leaf  one  way  or  another,  and  thus  cause  the  bush- 
ings to  stand  at  an  angle  with  the  work,  producing  faulty  results.  In 
order  to  avoid  this  objectionable  feature,  a  further  improvement  on 
the  Jig,  indicated  in  Fig.  91,  is  proposed.  In  the  jig  body,  the  locat- 
ing points  and  the  set-screws  which  hold  the  work  against  the  locat- 
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ing  pins  are  placed  so  that  they  will  not  interfere  with  two  straps  Q, 
which  are  provided  with  elongated  slots,  and  hold  the  work  securely 
in  place,  also  sustaining  the  thrust  from  the  cutting  tools.  These 
straps  should  be  heavily  designed,  in  order  to  be  able  to  take  the 
thrust  of  the  multiple  spindle  drill,  because  in  this  case  all  the 
bushings  except  the  one  for  hole  B  are  placed  in  the  bottom  of  the 
Jig  body.  The  leaf  is  made  narrower  and  is  not  as  heavy  as  the  one 
shown  in  Fig.  90,  because  it  does  not,  in  this  case,  take  any  thrust 
when  drilling,  and  simply  serves  the  purpose  of  holding  the  bushing: 
for  hole  B.  The  leaves  and  loose  bushing  plates  for  Jigs  of  this  kind 
are  generally  made  of  machine  steel,  but  for  larger  sized  Jigs  they 
may  be  made  of  cast  iron.  The  leaf  in  Fig.  91  is  simply  held  down 
by  the  thumb-screw  7/  of  a  type  as  shown  in  Fig.  48  in  Chapter  IV. 
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Flff.  91.    Jiff  where  Thrust  of  DrUllng'  Operation  is  taken  by  Olamps 

If  the  hole  B  should  be  near  to  one  wall  of  the  jig,  it  may  not  be 
necessary  to  have  a  leaf,  but  the  jig  casting  may  be  made  with  a 
projecting  lug  D,  as  shown  in  Fig.  92,  the  jig  otherwise  being  of  the 
same  type  as  the  one  illustrated  in  Fig.  91.  The  projecting  part  Z>, 
Fig.  92,  is  strengthened,  when  necessary,  by  a  rib  E,  as  indicated. 
Care  must  be  taken  that  there  is  sufficient  clearance  for  the  piece  to 
be  inserted  and  removed.  Once  in  a  while  it  happens,  even  with 
fairly  good  jig  designers,  that  an  otherwise  well-designed  jig  with 
good  locating,  clamping,  and  guiding  arrangements,  is  rendered  use- 
less for  the  simple  reason  that  there  is  not  enough  clearance  to  allow 
the  insertion  of  the  work.  The  jig  shown  in  Fig.  92  resembles.  In 
reality,  an  open  jig  more  than  a  closed  jig. 

Fig.  93  shows  the  same  jig  as  before,  but  with  the  additional  feature 
of  permitting  a  hole  in  the  work  to  be  drilled  from  the  end  and 
side  as  indicated,  the  bushings  E  and  F  being  added  for  this  purpose. 
It  will  be  noticed  that  the  bushings  in  this  case  extend  throui^h  the 
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jig  wall  for  some  distance,  in  order  to  guide  the  drill  closely  to  the 
work.  Bosses  may  also  be  cast  on  the  Jig  body,  as  indicated  by  the 
dotted  lines,  to  gire  a  longer  bearing  for  the  bushings. 
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Flff.  92.    Modifloation  of  Jiff  in  Fig.  91,  which  practically  brings  it  Into  the 
Class  of  Opsn  DtlU  Jl^s 
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Fiff.  08.    Jiff  for  Drlllinff  Holes  from  Two  Directions 

Feet  or  lugs  are  cast  and  finished  on  the  sides  of  the  jig  opposite 
the  bushings,  so  that  the  jig  can  be  placed  conveniently  on  the 
drill  press  table  for  dj^illing  in  any  direction.  It  will  be  noticed  that 
when  drilling  the  holes  from  the  bushings  E  and  F,  the  thrust  is 
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taken  by  the  stationary  locating  pins.  It  is  objectionable  to  use  set- 
screws  to  take  the  thrust,  although  in  some  cases  it  is  necessary  to 
do  so.  When  designing  a  Jig  of  this  type,  care  must  be  taken  that 
strapping  arrangements  and  locating  points  are  placed  so  that  they, 
in  no  way,  will  interfere  with  the  cutting  tools  or  guiding  means. 
In  this  case  the  strap  H  is  moved  over  to  one  side  in  order  to  give 
room  for  the  bushings  F  and  the  set-screfw  K.  Strap  G  should  then 
be  moved  also,  because  moving  the  two  straps  in  opposite  directions 
still  gives  them  a  balanced  clamping  action  on  the  work.  If  the 
strap  G  had  been  left  in  place,  with  the  strap  H  moved  sideways, 
there  would  have  been  some  tendency  to  tilt  the  work. 

Sometimes  one  hole  In  the  work  comes  at  an  angle  with  the  faces 
of  the  work.    In  such  a  case  the  jig  must  be  made  along  the  lines 
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Flff.  04.    Jiff  fbr  DraUnff  Holes  at  an  Angle 

indicated  in  Fig.  94,  the  feet  on  the  sides  opposite  to  where  the  drill 
bushings  are  placed  being  planed  so  that  their  faces  will  be  perpen- 
dicular to  the  axis  through  the  hole  A.  This  will.  In  no  way,  inter- 
fere with  the  drilling  of  holes  which  are  perpendicular  to  the  faces  of 
the  work,  as  these  can  be  drilled  from  the  opposite  side  of  the  work, 
the  jig  then  resting  on  the  feet  B.  Should  it,  however,  be  necessary 
to  drill  one  hole  at  an  angle,  and  other  holes  perpendicular  to  the 
face  of  the  work  from  the  same  side,  an  arrangement  as  shown  in 
Fig.  95  would  be  used.  The  jig  here  is  made  in  the  same  manner  as 
the  jig  shown  in  Fig.  93,  with  the  difference  that  a  bushing  A  is 
placed  at  the  required  angle.  It  will  be  seen,  however,  that  as  the 
other  holes  drilled  from  the  same  side  must  be  drilled  perpendicularly 
to  the  faces  of  the  work,  it  would  not  be  of  advantage  to  plane  the 
feet  so  that  the  hole  A  could  be  drilled   in   the  manner  previously 
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shown  in  Fig.  94.  Therefore  the  feet  are  left  to  suit  the  perpendicu- 
lar holes,  and  the  separate  base  bracket  B,  Fig.  95,  is  used  to  hold 
the  jig  in  the  desired  inclined  position  when  the  hole  A  is  drilled. 

Stand  B  in  Fig.  95  Is  very  suitable  for  this  special  work.    It  will  be 
noticed  that  it  is  made  up  as  light  as  possible,  being  cored  at  the  center, 
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JracA/ii«ry«xr. 
Piff.  96.    Jiff  and  Stand  for  Drilling  Holes  at  an  Angle 

80  as  to  remove  superfluous  metal.  These  stands  are  sometimes  pro- 
vided with  a  clamping  device  for  holding  the  Jig  to  the  stand.  Spe- 
cial stands  are  not  only  used  for  drilling  holes  at  angles  with  the  re- 
maining holes  to  be  drilled,  but  sometimes  special  stands  are  made  to 


Fiff.  96.    Device  for  Turning  over  and  Handling  Heavy  Jigs 

suit  the  jig  in  cases  where  it  would  be  inconvenient  to  provide  the  jig 
with  feet,  finished  bosses  or  lugs,  for  resting  directly  on  the  drill  press 
table. 

When  a  Jig  of  large  dimensions  is  to  be  turned  over,  either  for  the 
insertion  or  removal  of  the  work,  or  for  drilling  holes  from  opposite 
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sides,  a  helper  will  have  to  be  called  upon  to  assist  the  operator.  The 
disadvantage  of  this  is  readily  seen.  In  cases  where  the  use  of  a 
crane  or  hoist  can  be  obtained,  it  is  very  satisfactory  to  have  a  special 
device  attached  to  the  Jig  for  turning  it  over.  Fig.  96  shows  such  an 
arrangement.  In  this  engraving,  A  represents  the  Jig  which  is  to  be 
turned  over.  The  two  studs  B  are  driven  into  the  Jig  in  convenient 
places,  as  near  as  possible  in  line  with  a  gravity  axis.  These  studs 
then  rest  in  the  yoke  (7,  which  is  lifted  by  the  crane  hook  placed  at  D. 
The  jig,  when  lifted  off  the  table,  can  then  easily  be  swung  around. 
The  yoke  is  made  simply  out  of  round  machine  steel. 

Comparing  what  has  been  said  above  with  the  outline  of  the  devel- 
opment of  open  Jigs  in  Chapter  V,  it  will  be  seen  that  the  principles 
involved  are  exactly  the  same,  and  that  the  development  of  Jigs  for 
various  purposes  is  simply  the  application  of  these  principles  to  the 
work  in  hand,  with  an  appropriate  amount  of  common  sense.  The 
previous  statements  may  be  considered  the  A,  B,  C  of  Jig  making, 
and  contain,  of  necessity,  only  the  main  principles  on  which  the  Jig 
design  is  based. 
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EXAMPLES  OP  CLOSED  OR  BOX  JIGS* 

In  the  previous  chapter,  the  development  of  a  closed  or  box  jig  was 
treated.  In  the  present  chapter  a  number  of  examples  of  closed  jig 
designs  will  be  shown  and  described.  There  is,  however,  no  distinct 
division  line  between  open  and  closed  drill  jigs,  so  that  in  many  cases 
it  is  rather  inconsistent  to  attempt  to  make  any  such  distinction. 

In  Pig.  97,  for  instance,  is  shown  a  box  jig  which  looks  like  a 
typical  open  jig.  The  jig  body  A  is  made  in  one  solid  piece,  cored 
out  as  shown,  in  order  to  make  it  lighter.  The  piece  to  be  drilled,  B, 
shown  inserted  in  the  jig,  has  all  its  holes  drilled  in  this  jig,  the 


Fl0.  07.    Box  Jiff  which  Resembles  the  Open  Type 


being  the  screw  holes  (7,  the  dowel  pin  holes  D,  and  the  large 
bearing  hole  E.  The  bosses  of  the  three  screw  holes  C  are  also  faced 
on  the  top,  and  the  bearing  is  faced  on  both  sides  while  the  work  is 
held  in  the  jig.  The  work  is  located  against  two  dowel  pins  driven 
into  the  holes  F,  and  against  two  lugs  at  G,  not  visible  in  the  engrav- 
ing, located  on  either  side  of  the  work.  In  these  lugs  are  placed  set- 
screws  or  adjustable  sliding  points  such  as  described  in  Chapter 
III.  It  may  seem  incorrect  not  to  locate  the  bracket  in  regard  to 
the  hole  E  for  the  bearing,  so  as  to  be  sure  to  bring  the  hole  con- 
centric with  the  outside  of  the  boss.  This  ordinarily  is  a  good  rule 
to  follow,  but  in  this  particular  case  it  is  essential  that  the  screw 
holes  be  placed  in  a  certain  relation  to  the  outline  of  the  bracket  in 
order  to  permit  this  to  match  up  with  the  pad .  on  the  machine  on 
which  the  bracket  is  used.    Brackets  of  this  shape  may  be  cast  very 
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uniformly,  so  that  locating  them  In  the  manner  described  will  not 
seriously  interfere  with  drilling  the  hole  E  approximately  in  the  center 
of  its  boss.  The  work  is  firmly  held  in  the  jig  by  the  three  straps  H, 
care  being  taken  in  designing  the  Jig  that  these  straps  are  placed  so 
they  will  not  interfere  with  the  facing  tools. 

The  swinging  strap  /,  which  really  Is  the  only  thing  that  makes 
this  Jig  a  closed  Jig,  serves  the  sole  purpose  of  taking  the  thrust  of 
the  heavy  cutting  tools  when  drilling  the  hole  E  and  of  steadying 
the  work  when  facing  off  the  two  ends  of  the  hub.  The  two  collar- 
head  screws  K  hold  the  strap  to  the  Jig  body  and  the  set-screw  L 
bears  against  the  work.    This  strap  is  easily  swung  out  of  the  way 


DRi  LL-  PRESS-TABLE  Mochinery.S.  r. 

Flff.  98.    Simple  Form  of  Plate  Jiff  for  Drilling  Brftoket  shown  in  F\g.  97,  after 
Hole  B  has  been  bored  in  the  Lathe 

simply  by  loosening  one  of  the  collar-head  screws,  a  slot  being  milled 
at  one  end  of  the  strap  to  permit  this.  Stationary  bushings  are 
used  for  the  screw  hole  and  dowel  holes,  but  for  the  bearing  hole  E 
•three  loose  bushings  and  a  lining  bushing  are  employed.  The  hole 
E  is  first  opened  up  by  a  small  twist  drill,  which  makes  the  work 
considerably  easier  for  the  so-called  rose-bit  drill.  The  latter  drill 
leaves  1/16  inch  of  stock  for  the  rose  i:eamer  to  remove,  which  pro- 
duces a  very  smooth,  straight  and  concentric  hole.  The  last  operation 
is  the  facing  of  the  holes.  The  holes  Just  drilled  are  now  used  to 
guide  the  pilots  of  the  facing  tools,  and  as  the  operation  is  performed 
while  the  work  is  held  in  the  Jig,  it  is  important  that  the  locating  or 
strapping  arrangements  should  not  be  in  the  way. 
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In  connection  with  the  opening  up  of  a  hole  with  a  smaller  drill,  it 
may  be  mentioned  that  it  is  not  only  for  large  holes  that  this  method 
of  procedure  will  save  time,  but  the  method  is  a  time-saving  one  also 
for  smaller  holes,  down  to  M  inch  in  diameter  when  drilled  in  steel. 


'i''^ 
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Tiff-  OO.    Plan  mnd  BUmMon  of  the  Jiff  shown  In  Fiff.  97 

The  use  of  lubrication  in  Jigs  is  a  very  important  item,  the  most 
common  lubricant  being  oil  or  vaseline,  but  also  soap  solution  is  used. 
The  objection  to  the  latter  is  that  unless  the  machine  and  tools  are 
carefully  cleaned,  it  is  likely  to  cause  rusting.  Using  a  lubricant 
freely  will  save  the  guiding  arrangements,  such  as  the  drill  bushings, 
the  pilots  on  counterbores,  etc.,  to  a  great  extent. 
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The  jig  in  Fig.  97  is  shown  in  Fig.  99,  and  a  clear  idea  of  the  design 
of  the  jig  will  be  had  by  studying  this  line  engraving.  The  bracket  B, 
in  Fig.  97,  could  have  been  drilled  in  a  different  way  than  described, 
which  will  sometimes  be  an  advantage.  It  could  be  held  in  a  chuck, 
and  the  hole  E  reamed  and  faced  in  a  lathe,  which  would  insure  that 
the  hole  would  be  perfectly  central  with  the  outside  of  the  boss.  Then 
a  jig  could  be  designed,  locating  the  work  by  a  stud  entering  in  hole 
E,  as  indicated  in  Fig.  98,  additional  dowel  pins  and  set-screws  being 
used  for  locating  the  piece  sidewise.  The  whole  arrangement  could 
be  held  down  to  the  table  by  a  strap  and  bolt,  a  jack-screw  supporting 
it  at  the  overhanging  end. 


Piir.  100.    Box  Jiff  for  Opsins  drilled  from  Five  Direction* 


Fig.  100  shows  another  jig  of  the  closed  type,  with  the  work 
inserted.  The  piece  A  is  a  casing,  and  the  holes  to  be  drilled  vary 
greatly  in  size.  The  casing  rests  on  the  flat,  finished  bottom  surface 
of  the  jig  and  is  brought  up  squarely  against  a  finished  pad  at  B,  It 
further  locates  against  the  finished  lug  C  in  order  to  insure  getting 
the  proper  amount  of  metal  around  the  hole  D.  At  the  bottom  it  is 
located  against  the  sliding  point  E,  the  latter  being  adjustable  because 
the  location  of  the  work  is  determined  by  the  other  locating  points 
and  surfaces.  The  work  is  held  against  the  locating  points  by  the 
long  set-screws  shown  to  the  left.  This  clamping  arrangement,  how- 
ever, is  not  to  be  recommended  because  this  screw  must  be  screwed 
back  a  considerable  distance  in  order  to  permit  insertion  and  removal 
of  the  work.  An  eye-bolt  used  in  the  manner  previously  described  in 
Chapter   IV  of  Part  I  would  have   given  better  service.     The  three 
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straps  O  hold  the  work  against  the  bottom  surface,  and  the  two  straps 
H  hold  it  against  the  finished  surface  at  B,  There  is  not  a  long  fin- 
ished hole  through  the  casting,  as  would  be  assumed  from  its  appear- 
ance, but  simply  a  short  bearing  at  each  end,  the  remaining  part  of 
the  hole  being  cored  out  For  this  reason  the  hole  is  drilled  and 
reamed  instead  of  being  bored  out,  as  the  latter  operation  would  be  a 
slower  one.  Although  the  two  short  bearings  are  somewhat  far  apart, 
the  guiding  bushings  come  so  close  to  these  bearings  that  the  align- 
ment can  be  made  very  good.    The  screw  holes  and  dowel  pin  holes  at 


^["i  i^tT  tr^  ■ 


b^ 


3Iachinery,y.T. 


Flff.  lOl.    Box  Jiff  for  DrilUnff  Work  shown  In  Dash-doUed  Lines 

the  bottom  of  the  casing  are  not  shown  in  the  half-tone,  as  the  inserted 
casing  is  not  yet  drilled.  The  hole  drilled  from  bushing  /  is  a  rather 
Important  hole,  and  the  bushing  requires  a  long  bearing  in  order  to 
guide  the  drills  straight  when  drilling.  When  this  jig  was  made, 
the  projecting  lug  which  was  provided  solid  with  the  jig  body, 
to  give  a  bearing  to  the  jig  bushing,  came  so  much  out  of  the  way 
in  the  rough  casting  for  the  jig  that  half  of  the  lining  bushing  would 
have  been  exposed.  It  was  therefore  planed  oft  and  a  bushing  of  the 
type  shown  in  Fig.  9,  Chapter  II,  inserted  instead,  in  order  to  provide 
for  a  long  bearing. 
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Leaf  K,  which  carries  the  bushings  for  drilling  the  hole  D,  fits  into 
a  slot  planed  out  in  the  jig  body  and  is  held  down  by  the  eye-bolt 
L.  Two  lugs  M  are  provided  on  the  main  casting  for  holding  the  pin 
on  which  the  leaf  swivels,  the  construction  being  of  the  same  type 
as  illustrated  in  Fig.  50,  Chapter  IV.  Around  the  hole  D  there  are 
three  small  tap  holes  0  which  are  drilled  by  the  guiding  afforded 
by  the  bushing  P,  which  is  made  of  cast  iron  and  provided  with 
small  steel  bushings  placed  inside  as  illustrated  in  Fig.  16,  Chapter 
II.  In  the  bushing  P  is  another  hole  Q  which  fits  over  a  pin  lo- 
cated in  the  top  of  the  leaf  and  which  insures  that  the  three  screw 
holes  will  come  in  the  right  position.  It  should  be  noted  that  large 
portions  of  the  jig  body  are  cored  out  at  top  and  bottom  in  order  to 
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% 

Fiff.  102.    J\g  shown  In  DetaU  In  Flff.  101 

make  it  light  and  easy  to  handle.  Of  course  some  metal  is  also 
saved  by  the  construction  of  jigs  in  this  manner,  but  comparing  the 
price  of  cast  iron  with  the  total  price  of  a  finished  jig  of  this  type, 
the  saving  in  this  respect  is  so  insignificant  that  it  is  not  worth  while 
mentioning.  The  leaf  K  is  also  made  of  cast  iron,  being  of  particu- 
larly large  size,  and  it  is  planed  at  the  places  where  it  has  a  bearing 
on  the  jig  body. 

Fig.  102  shows  a  closed  jig  about  which  there  can  be  no  doubt  but 
that  it  should  l>e  classified  as  a  box  jig.  The  piece  of  work  drilled,  the 
foot  trip  A,  has  two  holes  B  and  C  which  are  drilled  in  this  jig.  The 
cylindrical  hub  of  the  work  is  located  against  V-blocks  and  held  in 
place  by  a  swinging  strap  D,  The  work  is  further  located  against  a 
stop  pin  placed  opposite  the  set-screw  E,    The  trip  is  located  sidewise 
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by  being  brought  against  another  stop  by  the  set-screw  F,  One- 
quarter  of  a  turn  of  the  collar-head  screw  on  the  top  of  the  jig  releases 
the  swinging  strap  which  is  then  turned  out  of  the  way;  this  permits 
the  trip  to  be  removed  and  another  to  be  inserted.  Half  a  turn  or 
less  of  the  set-screws  is  enough  to  release  and  clamp  the  work 
against  the  stops  mentioned.    A  line  engraving  of  this  jig  is  shown 


Fl|r>  108.    Jig  of  Typical  Design,  and  Work  for  which  it  Is  Used 

in  Fig.  101  which  gives  a  better  idea  of  some  of  the  details  of  the 
construction. 

In  Figs.  103  and  104  are  shown  two  views  of  another  type  of  closed 
drill  jig.  The  work  A,  to  be  drilled,  is  shown  at  the  left  in  both  illus- 
trations, and  consists  of  a  special  lathe  apron  with  large  bearing  holes, 
screw  holes,  and  dowel  pin  holes  to  be  drilled.    The  apron  is  located 


Fig.  104.    Another  View  of  the  Jig  in  Pig.  103 

In  the  jig  body  in  the  same  manner  as  it  is  located  on  the  lathe 
carriage,  in  this  case  by  a  tongue  which  may  be  seen  at  B  in  Fig.  104. 
This  tongue  fits  into  the  slot  C  in  the  jig,  care  being  taken  in  the 
construction  of  the  jig  that  the  slot  is  made  deep  enough  to  prevent 
the  tongue  from  bearing  in  the  bottom  of  the  slot.  A  good  solid  bear- 
ing should  be  provided,  however,  for  the  finished  surface  on  both  sides 
of  the  tongue.    The  surface  D  should  also  have  a  solid  bearing  on  the 
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surface  B  in  the  Jig»  the  difference  in  height  between  the  two  bearing 
surfaces  in  the  jig  being  exactly  the  same  as  between  the  two  bearing 
surfaces  on  the  lathe  carriage  where  the  lathe  apron  is  to  be  fitted.  The 
work  is  brought  up  against,  and  further  located  by»  a  dowel  pin  at  the 
further  end  of  the  slot,  by  the  set-screw  in  the  block  F,  Fig.  103.    As 


'^(kirtNKSf.*'^ 


■  I 

PiffB.  106  and  106.    Jlirs  In  which  the  Work  is  Located  by  Means  of  Beveled  Sorfecea 

it  is  rather  difficult  to  get  the  tongues  on  all  the  pieces  exactly  the 
correct  width  for  a  good  fit  in  the  slot,  the  latter  is  sometimes  planed 
a  little  wider  and  the  tongue  is  brought  up  against  one  side  of  the 
slot  by  set-screws.  In  the  case  in  hand,  a  few  thousandths  inch  clear- 
ance is  provided  in  the  slot  and  the  set-screw  G  in  Fig.  104  is  used 


i}  * '        1H 


Flir*  107.    Jig  for  Drillinir  Holes  at  other  than  QO-degree  Angles 

for  bringing  the  work  against  the  further  edge  which  stands  in  correct 
relation  to  the  holes  to  be  drilled.  The  apron  is  held  down  against  the 
bottom  surface  of  the  jig  by  four  heavy  set-screws  H. 

It  will  be  noticed  that  the  jig  is  open  right  through  the  sides  in 
order  to  facilitate  the  finishing  of  the  pads  at  the  ends  of  the  work, 


Digitized  by  VjOOQ IC 


CLOSED  OR  BOX  JIGS  41 

and  a  swinging  leaf  like  the  one  previously  described,  reaches  across 
one  side  for  holding  the  lining  and  loose  bushings  for  the  hole  K  which 
is  drilled  and  rose-reamed  in  the  usual  way.  The  l&rge  hole  7,  Fig. 
103,  is  bored  out  with  a  special  boring  tool  M,  as  there  are  no  standard 
drills  obtainable  for  this  large  size  of  hole.  This  special  boring  tool 
is  guided  by  a  cast  iron  bushing  which  fits  into  the  lining  bushing;  it 
is  provided  with  two  cutters,  one  for  roughing  and  one  for  finishing. 
The  small  screw  holes  O  around  the  large  hole  7  are  drilled  from  the 
boshing  P.  For  drilling  the  rest  of  the  holes,  except  the  hole  Q,  sta- 
tionary bushings  are  used.  The  screw  holes  ought  to  be  drilled  simul- 
taneously in  a  multiple  spindle  drill.  The  jig  is  provided  with  feet 
and  cored  out  in  convenient  places  in  order  to  make  it  as  light  as 
possible  to  handle.    Lugs  project  wherever  necessary  to  give  ample 


FIff.  108.    Jiff  in  Flff.  107  tn  Position  Ibr  Drilling  Holes  at  an  Oblique 
Ani^e  with  Jiff  Base 

bearings  to  the  lining  bushings  and,  in  turn,  to  the  loose  guiding  bush- 
ings. 

Figs.  106  and  106  show  two  closed  jigs  made  up  of  two  main  parts 
which  are  planed  and  assembled  by  screws  and  dowels  as  indicated,  the 
reason  for  making  the  jigs  in  this  way  being  the  ease  of  planing  the 
bottom  section.  The  work  drilled  in  these  jigs,  some  special  slides,  is 
located  by  the  dove-tail  and  held  up  against  one  dove-tail  side  by  set- 
screws  A^  as  shown  in  both  illustrations.  In  Fig.  106  the  work  is  lo- 
cated endwise  against  a  dowel  pin  and  is  held  up  against  this  stop  by 
a  set-screw  through  the  block  shown  to  the  left.  This  block  must  be 
taken  out  when  the  slide  is  inserted,  this  being  the  reason  why  a  lug 
cast  directly  in  place,  through  which  the  set-screw  could  pass,  is  not 
used.  The  top  plate  D  is  held  down  on  the  main  body  by  six  fillister- 
head  screws  E,  and  two  dowel  pins  F  prevent  it  from  shifting.  No 
clamping  arrangements,  except  the  set-screws  A^  are  necessary.      Tha 
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holes  being  drilled  from  the  top,  the  main  body  of  the  Jig  takes  the 
thrust.    These  jigs  are  also  used  in  multiple  spindle  drills. 

One  objectionable  feature  of  the  Jig  in  Fig.  106  is  that  set-screws  A 
are  difficult  of  access.  There  are,  therefore,  holes  piercing  the  heads 
of  the  set-screws  in  two  directions  in  order  to  allow  a  pin  to  be  used 
when  tightening  the  screws.  A  better  idea,  however,  is  to  have  the 
screw  heads  extend  out  through  the  wall,  and  if  this  is  solid,  to  have 
cored  or  drilled  holes  through  which  the  heads  of  the  screws  may  pass. 

In  Fig.  107  is  another  closed  drill  jig  in  which  the  work  is  located 
against  the  finished  seats  and  held  down  by  the  set-screws  A  in  the 
straps  B.  All  the  holes,  except  the  holes  marked  C,  are  drilled  in  the 
usual  manner,  the  jig  standing  on  its  own  feet,  but  when  drilling  the 
holes  C,  which  come  on  an  angle,  the  special  stand  D  is  employed  which 
brings  the  holes  in  the  right  position  for  drilling,  as  illustrated  in  Fig. 
108.  If  only  the  holes  C  were  to  be  drilled,  the  feet  on  the  side  oppo- 
site the  guiding  bushing  for  these  holes  could  have  been  planed  oft,  so 
that  they  would  have  been  in  a  plan  perpendicular  to  the  axis  of  the 
holes.  This  last  jig  has  a  peculiar  appearance  on  account  of  the  end 
walls  coming  up  square,  as  shown  in  the  illustrations,  but  this  design 
was  adopted  only  to  simplify  matters  for  the  patternmaker,  it  being 
easier  to  make  the  pattern  this  way. 
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JIGS  AND  PlXTURES-PART  III 
CHAPTER  IX 

PRINOIPLBS  OP  BORING  JIGS* 

Boring  jigs  are  as  commonly  used  as  drill  Jigs,  in  interchangeable 
manufacturing,  and  the  requirements  placed  on  drill  jigs  apply  in  most 
respects  to  boring  jigs.  Boring  jigs  are  generally  used  for  machin- 
ing holes  where  accuracy  of  alignment  and  size  are  particularly  essen- 
tial, and  also  for  holes  of  large  sizes  where  drilling  would  be  out  of 
the  question.  Two  or  more  holes  in  the  same  line  are  also,  as  a  rule, 
finished  with  the  aid  of  boring  Jigs. 

The  boring  operation  is  performed  by  boring  bars  having  inserted 
cutters  of  various  kinds,  and  boring  Jigs  are  almost  always  used  in 
connection  with  this  kind  of  boring  tool,  although  boring  operations 
may  be  satisfactorily  accomplished  with  three  or  four  lipped  drills 
and  reamers.  The  reamers  may  be  made  solid,  although  most  fre- 
quently shell  reamers  mounted  on  a  bar  and  guided  by  bushings  are 
used.  The  majority  of  holes  produced  in  boring  jigs,  whether  drilled 
or  bored  out,  are  required  to  be  of  such  accuracy  that  they  are  reamed 
out  in  the  last  operation. 

The  boring  bars  are  usually  guided  by  two  bushings,  one  on  each 
side  of  the  bored  hole,  and  located  as  close  as  possible  to  each  end 
of  the  hole  being  bored.  The  bar  is  rotated  and  simultaneously  fed 
through  the  work,  or  the  work  with  its  jig  is  fed  over  the  rotating 
bar.  Boring  jigs  may  be  used  either  in  regular  boring  lathes,  in  hori- 
zontal boring  and  drilling  machines,  or  in  radial  drills. 

The  jig  body  is  made  either  in  one  solid  piece  or  composed  of  sev- 
eral members,  the  same  as  in  drill  jigs.  The  strain  on  boring  jigs  is 
usually  heavy,  which  necessitates  a  very  rigidly  designed  body  with 
ribbed  and  braced  walls  and  members,  so  as  to  allow  the  least  pos- 
sible spring.  As  boring  jigs  when  in  operation  must  be  securely  fast- 
ened to  the  machine  table,  means  must  also  be  provided  in  convenient 
and  accessible  places  for  clamping  the  Jig  without  appreciably  spring- 
ing it 

The  places  in  the  jig  where  the  bushings  are  located  should  be  pro- 
vided with  plenty  of  metal  so  as  to  give  the  bushings  a  substantial 
bearing  in  the  jig  body.  Smaller  Jigs  should  be  provided  with  a 
tongue  or  lip  on  the  surface  which  is  clamped  to  the  machine  table; 
this  permits  the  operator  to  quickly  locate  the  jig  in  the  right  posi- 
tion. As  an  alternative,  finished  lugs  locating  against  a  parallel  or 
square  may  be  provided.  It  is  frequently  advantageous  to  have  small 
sized  boring  jigs  provided  with  feet  so  that  they  can  be  used  on  a 
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regular  drill  press  table  in  cases  where  holes  to  be  bored  out  are  to 
be  opened  up  with  a  drill  piercing  the  solid  metal.  It  i^  both  easier 
and  cheaper  to  do  this  rough  drilling  in  a  drill  press. 

The  guide  bushings,  of  the  same  type  as  the  bushings  for  drill  jigs, 
are  made  either  of  cast  iron  or  steel  and  ground  to  fit  the  boring  bar, 
which  is  also  ground.  The  bars  are  made  of  machine  steel  and  should 
be  made  as  heavy  as  possible,  in  order  to  prevent  them  from  bending 
or  springing  too  much  should  there  be  a  heavier  cut  on  one  side  than 
on  the  other.  The  bushings  should  be  made  rather  long  to  insure 
good  bearing. 

The  most  common  type  of  boring  Jig  for  small  and  medium  size 
work  is  shown  in  Fig.  109.  In  this  engraving,  A  represents  the.  work 
which  is  held  down  by  straps  or  clamps.  In  many  instances  when 
the  work  is  provided  with  bolt  and  screw  holes  before  being  bored, 
these  holes  are  used  for  clamping  the  work  to  the  Jig.    In  some  cases 


MacMneryJi.T. 


Ftff.  lOO.    Qen«ral  Outlin«  of  Slmpl«  Boring  Jig 

it  is  important  that  the  work  be  attached  to  the  Jig  in  the  same  way 
as  it  is  fastened  to  its  component  part  in  the  machine  for  which  it  is 
made,  and  also  that  it  be  located  in  a  similar  way.  If  the  work  is 
located  by  V-slides  when  in  use  on  the  machine,  it  is  preferable  to 
locate  it  by  V's  in  the  Jig.  In  other  cases  the  locating  arrangement 
for  the  work  in  the  machine  where  it  is  to  be  used  may  be  a  tongue, 
a  key,  a  dowel  pin,  a  finished  pad,  etc.  The  same  arrangement  would 
then  be  used  for  locating  It  in  the  Jig.  In  Pig.  109  enough  clearance 
Is  left  at  B,  at  both  ends,  to  allow  for  variations  In  the  casting  and  to 
provide  space  for  the  chips;  also.  If  the  hole  Is  to  be  reamed  out,  and 
the  reamer  be  too  large  to  go  through  the  lining  bushing,  then  the 
space  left  provides  room  for  Inserting  the  reamer  and  mounting  it  on 
the  bar.  In  nearly  all  cases  of  boring,  a  facing  operation  of  the  bosses 
In  the  work  has  also  to  be  carried  out  and  provisions  must  be  made 
In  the  Jig  to  permit  the  Insertion  of  facing  tools. 
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A  great  deal  of  metal  may  be  saved  in  designing  heavy  jigs  by 
removing  superfluous  metal  from  those  parts  where  it  does  not  ma- 
terially add  to  the  strength  of  the  jig.  In  Fig.  109,  for  instance,  the 
jig  can  be  cored  out  in  the  bottom  and  in  the  side  standards  as  indi- 
cated without  weakening  the  jig  to  any  appreciable  extent.  The  rib  C 
may  be  added  when  necessary,  and  when  it  does  not  interfere  with 
the  work  to  be  finished  in  the  jig.  It  will  be  seen  that  extended 
bosses  are  carried  out  to  provide  long  bearings  for  the  bushings.  The 
bosses  may  be  made  tapering,  as  shown,  providing  practically  the  same 
stiffness  as  a  cylindrical  boss  containing  considerable  more  metal. 
They  must  be  given  a  rather  liberal  diameter,  as  they  may  not  always 
be  placed  exactly  correct  on  the  pattern,  and  consequently  be  a  little 
out  of  center  in  the  casting.  Finished  bosses  should  be  located  at 
suitable  places  to  facilitate  the  laying  out  and  the  making  of  the  jig. 
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Piff.  no.    Borinir  Jiff  with  B»ae  Separate  flrom  Side  Standards 

9«  shown  at  D  in  Fig.  109.  The  finished  faces  of  these  bosses  are  also 
of  advantage  when  locating  the  jig  against  a  parallel,  when  it  is  not 
provided,  with  a  tongue  for  locating  purposes. 

In  some  cases  bosses  are  placed  where  measurements  may  be  taken 
from  the  finished  face  to  certain  faces  of  the  work,  in  which  case  the 
finished  bosses,  of  course,  must  stand  in  a  certain  relation  to  the 
locating  point;  such  bosses  are  indicated  at  E^  from  which  measure- 
ments B  can  be  taken  to  surfaces  O  on  the  work.  The  three  lugs  H 
are  provided  for  clamping  purposes,  the  jig  being  clamped  in  three 
places  only  to  avoid  unnecessary  springing  action.  If  the  jig  is  in 
constant  use,  it  would  be  advisable  to  have  special  clamping  arrange- 
ments as  component  parts  of  the  jig  for  clamping  it  to  the  table,  there- 
by avoiding  loss  of  time  in  finding  suitable  clamps. 

The  walls  or  standards  K  of  large  jigs  of  this  type  are  frequently 
made  in  loose  pieces  and  secured  and  dowelled  in  place  a^shown  in 
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Figs.  110  to  114,  In  such  a  case  the  most  important  thing  is  to  fasten 
these  members  firmly  to  the  base,  preventing  shifting  by  tongues, 
keys,  or  dowels.  It  is  evident  that  when  the  standards  are  made  loose, 
as  in  Fig.  110,  it  is  easier  to  finish  the  pad  A  of  the  base,  and  thl&  is 
of  importance,  particularly  when  difficult  locating  arrangements  are 
planed  or  milled  in  the  base;  the  pattern-maker's  and  the  molder's 
work  is  also  simplified.  As  a  rule  the  standards  are  screwed  to  the 
base  permanently  and  then  the  bushing  holes  are  bored.  In  some 
cases,  however,  it  may  be  easier  to  first  bore  the  hole  in  a  loose  part. 
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Fign.  Ill  and  112.    Difterent  Methods  fbr  Seotirlnff  and  Locating  ^e  Upiigbta 
on  Base-plate  of  Boring  JJg 

and  then  attach  it  to  the  main  body.  Such  an  instance  is  shown  in 
Fig.  115.  It  is  easier  to  locate  the  bracket  with  the  bushing  B  by 
working  from  the  finished  hole  in  connection  with  other  important 
holes  or  locating  means,  than  it  would  be  to  first  screw  the  bracket 
in  place  and  then  expect  to  be  able  to  locate  the  hole  to  be  bored 
exactly  in  the  center  of  the  hub  of  the  bracket. 

When  boring  Jigs  are  designed  for  machine  parts  of  a  similar  design 
but  of  different  dimensions,  arrangements  are  often  made  to  make  one 
jig  take  various  sizes.    In  such  a  case  one  or  both  standards  may  have 


HDOWEL  PINS  Maehinen,Jf,Y. 

Figs.  113  and  114.    Alternative  Methods  of  Fastening  Uprights  to  Jig  Base 

to  be  moved,  and  extra  pads  are  provided  on  the  face  as  illustrated 
in  Fig.  116.  This  shifting  of  the  standards  will  take  care  of  differ- 
ent lengths  of  work.  Should  the  work  differ  in  height,  a  blocking 
piece  B  may  be  made  as  indicated  in  the  same  illustration.  Sometimes 
special  loose  brackets  may  be  more  suitable  for  replacing  the  regular 
standards  for  shorter  work.  If  there  is  a  long  distance  between  two 
bearings  of  the  work,  a  third  standard  may  be  placed  in  between 
the  two  outside  ones,  if  the  design  of  the  bored  work  permits,  as 
shown  in  Fig.  117;  this  may  then  be  used  for  shorter  work  togeth#*r 
with  one  of  the  end  standards.    In  Fig.  118  is  shown  another  adjust- 
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able  boring  Jig.  Here  the  jig  consists  of  two  parts  A  mounted  on  a 
common  base-plate  or  large  table  provided  with  T-slots.  The  work  B 
is  located  between  the  standards.  A  number  of  difCerent  standards 
suitable  for  different  pieces  of  work  may  be  used  on  the  same  base- 
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FUf.  115.    A  Oas«  wher«  the  Bushing  Hole  la  Bored  Previous  to  Locstliig 
and  Psetenlng  Bracket  on  Jig  Body 

plate.  The  jigs  or  standards  are  held  down  on  the  base-plate  by 
screws  or  bolts,  and  generally  located  by  a  tongue  entering  the  upper 
part  of  the  T-slots. 

In  the  examples  thus  far  given  the  work  has  been  located  on  the  jig, 
but  it  is  apparent  that  boring  jigs  are  frequently  made  which  are 
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FIff.  110.    Jiff  A<!Uu0table  for  DUterent  Sizes  of  the  Same  Class  of  Work 

located  and  supported  on  the  work.  Fig.  119  shows  such  a  jig.  The 
work  A,  which  in  this  case  represents  some  kind  of  a  machine  bed, 
has  two  holes  bored  through  the  walls  B  and  C.  This  jig  may  guide 
the  bar  properly  if  there  be  but  one  guide  bushing  at  E,  but  it  is 
better  if  it  can  be  arranged  to  carry  down  the  jig  member  D  as  iudi- 
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cated  to  give  support  for  tlie  bar  near  the  wall  B.  It  may  sometimes 
be  more  convenient  tp  have  two  separate  jigs  located  from  the  same 
surfaces  on  the  top  or  sides.  In  other  cases  it  may  be  better  to  have 
the  members  D  and  E  screwed  in  place  instead  of  being  soiid  with  F, 


MacMnerv^'T. 


Piff.  117.    Borlncr  Jiff  with  Ramo^able  B«»rinff  In  the  Center,  Adaptlncr  it  to 
Diflterent  Stsea  of  Work  of  Similar  Character 

and  in  some  cases  adjustable.  Of  course,  these  variations  in  design 
depend  on  the  conditions  involved,  but  the  principles  remain  the  same. 
The  Jig  or  Jigs  are  held  to  the  machine  on  which  they  are  used  by 
clamping  arrangements  of  suitable  type. 

The  type  of  boring  Jigs  described  above  supports  the  bar  in  two  or 
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Flff.  118.    Univeraal  Base-plate  fbr  Standard*  of  Various  Descr^tiona  fbr 
Difforent  Classes  of  Work 

more  places,  and  the  cutting  tools  are  placed  at  certain  predetermined 
distances  from  the  ends  of  the  bars,  depending  on  the  shape  and  size 
of  the  work.  Sometimes  it  may  prove  necessary,  however,  to  have  a 
cutting  tool  inserted  Just  at  the  end  of  the  bar.  For  example,  a  boring 
jig  may  consist  of  simply  one  bracket  as  shown  in  Fig.  120.    A  very 
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Pig.  110.    A  Case  where  the  Jig  is  Located  on  and  Supported  by  the  Work 

long  bearing  A  is  then  provided  so  as  to  guide  the  bar  true.  The  ar- 
rangement shown  in  Fig.  121  is  sometimes  used  to  insure  a  long  bear- 
ing for  the  bar.  A  special  bracket  A  is  mounted  on  the  Jig  and  bored 
out  at  the  same  time  as  the  Jig  proper  is  machined.    This  provides, 
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in  effect,  two  bearings.  In  these  cases  iMurs  with  a  cutting  tool  at  the 
end  are  used.  The  reasons  for  using  the  kind  of  boring  Jig  illustrated 
in  Figs.  120  and  121  are  several;  in  Fig.  120,  for  instance,  there  is  a 
wall  B  immediately  back  of  the  wall  C  in  which  the  hole  is  to  be 
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Flffs.  ISO  aad  ISl.    BxAmplea  of  Outdlnff  Anransmnants  wh«re  bo  Support  is 
Obtaiaablo  on  One  Bld«  of  Bole  to  be  Bored 

bored.  Other  obstacles  may  be  in  the  way  to  prevent  placing  a  bear- 
ing on  one  side  of  the  hole  to  be  finished.  Instead  of  having  a  space 
D  between  the  jig  and  the  work,  as  shown  in  Fig.  121,  the  jig  can 
oftentimes  be  brought  up  close  to  the  work  and  clamped  to  it  from 
the  bushing  side.    A  combination  between  this  latter  type  of  jig  with 
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Maek{ntry,N.Y. 
Boring  Jiff  in  whic^h  One  Bar  bas  Slnffle  and  One  Double  Bearing 


but  one  bearing  for  the  bar,  and  the  type  previously  described  with 
two  bearings,  is  shown  in  Fig.  122. 

E^ach  of  the  different  holes  in  boring  Jigs  has,  of  course,  its  own 
outfit  of  boring  bars,  reamers,  and  facing  tools.  In  making  the  Jig  it 
must  be  considered  whether  it  will  be  used  continuously  and  what 


MaehinerTf^.T, 
Fig.  188.    Boring  Jig  tor  Boring  Holes  Placed  at  an  Angle  to  Bacb  Otber 

degree  of  accuracy  will  be  required.  When  extreme  accuracy  is  re- 
quired there  should  be  a  bar  provided  with  cutting  tools  for  each 
operation  to  be  performed.  It  is  cheaper,  of  course,  to  use  the  same 
bar  as  far  as  possible  for  different  operations  and,  ordinarily,  satis- 
factory results  are  obtained  in  this  way.    It  is  desirable  to  have  bush- 
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ings  fitting  each  bar,  but  often  this  expense  can  be  reduced  by  using 
the  same  bushings  for  bars  having  the  same  diameter. 

It  sometimes  happens  that  one  or  more  holes  form  an  angle  with 
the  axis  of  other  holes  in  the  work  to  be  bored.  In  the  jig  shown  in 
Fig.  123  the  bushings  A  guide  one  bar  for  boring  one  hole  and  the 
bushings  B  the  bar  for  boring  another  hole,  the  axis  of  which  is  at 
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Fig.  124.    Principle  of  Multiple  Bar  Boring  Jiff 

an  angle  with  the  axis  of  the  first  hole  in  the  horizontal  plane.  Then 
an  angle  plate  C  can  be  made  in  such  a  manner  that  if  the  Jig  is 
placed  with  the  tapered  side  of  plate  C  against  a  parallel,  the  hole  B 
will  be  parallel  with  the  spindle.  This  arrangement  may  not  be  neces- 
sary when  universal  Joints  are  used  between  the  spindle  and  the  bar. 
If  a  hole  is  out  of  line  in  the  vertical  plane,  a  similar  arrangement  as 
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Flff.  126.    Jiff  for  Borlnff  Holes  throuffh  Work  both  troxxx  Sides  and  Bnds 

that  used  for  drill  Jigs,  and  previously  described  in  Part  II,  can  be 
used. 

As  a  rule  but  one  hole  is  bored  out  at  a' time  owing  to  the  fact  that 
machines  for  boring  generally  have  but  one  spindle.  Several  holes, 
however,  could  be  bored  out  in  a  large  size  multiple  spindle  drill,  in 
which  case  the  Jigs  naturally  ought  to  be  designed  somewhat  stronger. 
Another  method  of  designing  Jigs  for  boring  two  or  more  holes  at  the 
same  time  Is  Illustrated  In  Pig.  124,  the  outlines  only  being  shown  in 
this  Illustration.    A  Is  a  gear  box  containing  the  main  driving  gear 
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which  is  mounted  on  a  shaft  B  which  in  turn  is  driven  by  the  spindle 
of  the  machine.  The  gear  on  shaft  B  drives  the  gears  and  shafts  con- 
nected with  the  boring  bars  passing  through  the  bushings  C,  D,  E,  F, 
G,  and  H,  The  gears  are  proportioned  according  to  the  speed  required 
for  each  bar,  which  in  turn  is  determined  by  the  sizes  of  the  holes. 
The  housing  or  gear  box  A  slides  on  a  dove-tail  slide  K,  A  particularly 
good  fit  is  provided,  and  the  gear  box  can  be  fed  along  in  relation  to  the 
work  either  by  table  or  spindle  feed.  If  boring  operations  are  to  be 
performed  in  two  directions,  a  jig  on  the  lines  indicated  in  Fig.  125  is 
designed.  This  jig  may  be  mounted  on  a  special  revolving  table  per- 
mitting the  work  and  the  jig  to  be  turned  and  indexed  so  as  to  save 
resetting  and  readjusting  the  work  and  jig  when  once  placed  in  posi- 
tion on  the  machine. 

The  outline  given  above  of  boring  jigs  illustrates  only  the  funda- 
mental principles  involved,  it  being  considered  more  important  to  state 
the  fundamental  principles  in  this  connection  than  to  describe  compli- 
cated designs  of  tools  in  which  the  application  of  such  principles  may 
be  more  or  less  obscure  or  hidden. 
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BORINa  Jia  DBSIQNS* 

In  the  preylouB  chapter  the  fundamental  principles  of  boring  jigs 
were  outlined.  In  the  present  chapter  a  number  of  applications  of 
these  principles  to  boring  jigs  that  have  been  designed  for  shop  use 
will  be  shown. 

In  Fig.  126  are  shown  two  views  of  a  small  jig  supported  directly 
on  the  work  to  be  bored.  This  jig  is  used  for  boring  out  a  cross-slide 
carriage,  and  is  located  on  the  work  by  the  dove-tail  slide  and  held 
in  place  by  the  two  set-screws  A.  The  two  bushings  B  are  driven  into 
the  solid  part  of  the  jig  and  the  two  corresponding  bushings  C  are 
placed  in  the  loose  leaf  J)  which  is  removed  when  the  jig  is  placed  in 
position  on,  or  removed  from,  the  work.    The  two  set-screws  A  da  not 


Flff.  120.    R3c*mpl0  of  Small  Boring  Jiff,  wtth  Removable  Leaf  tor  Holding 
Guide  Bushings 

bear  directly  on  the  side  of  the  carriage,  but  are  provided  with  brass 
or  steel  shoes  as  shown  in  Fig.  127,  where  E  is  the  shoe.  The  leaf  B 
cannot  be  attached  permanently  to  the  jig  and  simply  swung  out  of 
the  way  when  the  jig  is  located  on  the  work,  because  it  could  not  be 
swung  in  place  after  the  jig  is  applied  on  account  of  the  small  clear- 
ance in  the  cross-slide  carriage.  The  leaf  is  therefore  made  loose, 
which  is  an  objectionable  feature,  but  lugs  have  been  carried  up  on 
the  casting  on  both  sides  of  the  leaf  as  shown,  to  give  good  support; 
these  lugs  are  carefully  finished  to  fit  the  leaf,  and  the  latter  is  lo- 
cated and  held  in  place  by  ground  plugs. 

In  Fig.  128  is  shown  a  boring  jig  which  receives  the  work  A  be- 
tween two  uprights.  The  work  in  this  case  is  the  tail-stock  of  a  lathe 
whore  two  holes  B  and  C  are  to  be  bored  out.  The  bottom  surface  of 
the  tail-stock  is  finished  before  boring,  and  is  located  on  the  finished 
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bottom  of  the  jig  by  means  of  a  key  and  key  way.  The  key  way  is  cut 
in  the  Jig  and  is  a  little  wider  than  the  key  in  the  work,  and  the  set- 
screws  i>  bring  the  key  against  one  side  of  the  keyway,  that  side  being 
in  accurate  relation  to  the  hole  B  to  be  bored  in  the  tail-stock.  Longi- 
tudinally the  work  is  located  by  a  stop  pin,  against  which  it  is  brought 


Flff.  127.    Means  tor  Holding  Work  against  Locating  Side  of 
Dove-tall  Slide  of  Boring  Jig  in  Fig.  126 

up  by  a  set-screw  from  the  opposite  side.    The  tail-stock  is  held  to  the 
jig  by  bolts  E  exactly  as  it  is  held  on  the  lathe  bed. 

The  placing  of  the  set-screws  D  at  different  heights  is  one  of  the 
features  of  the  jig;  this  makes  it  possible  for  the  jig  to  take  tail- 
stocks  of  various  heights  for  different  sizes  of  lathes,  raising  blocks 
being  used  for  the  smaller  sizes.  The  raising  blocks  are  located  ex- 
actly as  the  tail-stock  itself,  so  that  the  work  placed  on  them  will 
come  in  the  same  relative  position  to  the  uprights  of  the  jig  whether 


Fig.  128.    Common  Tsrpe  of  Medium  Size  Boring  Jig 

the  work  rests  directly  on  the  jig  bottom  or  on  the  raising  pieces.  The 
two  finished  strips  F  are  provided  for  facilitating  the  making  of  the 
jig,  and  the  lugs  G  for  the  clamping  down  of  the  jig  to  the  boring  ma- 
chine. The  jig,  however,  can  also  be  clamped  to  the  boring  machine 
table  as  shown  in  the  illustration.  At  H  is  a  liberal  clearance  between 
the  work  and  jig,  allowing  ample  room  for  the  inserting  of  facing  cut- 
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ters,  reamers,  and  boring  tools.    Ribs  are  provided  for  strengthening 
the  jig,  as  shown. 

The  half-tone  Fig.  129  shows  a  large  size  boring  jig  made  from  a 
solid  casting.  In  this  case  the  work  to  be  bored  out  is  the  head  of  a 
lathe.  It  is  located  and  clamped  to  the  jig  in  a  way  similar  to  that 
mentioned  in  the  case  of  the  tail-stock;  clamping  it  to  the  jig  in  the 
same  way  that  it  is  fastened  to  the  lathe  bed  insures  that  the  effects  of 
possible  spring  will  be  less  noticeable.  Opinions  differ  as  to  whether  It 
is  good  practice  to  make  up  a  jig  of  the  size  shown  in  one  piece,  the 
distance  between  the  standards  A  and  B  being  from  four  to  five  feet,  or 
whether  it  would  be  better  to  make  loose  members  located  on  a  base- 
plate as  shown  in  Fig.  130.  The  writer  advocates  the  making  of  one 
piece  jigs  of  as  large  sizes  as  possible,  because,  with  loose  members  as 
shown  in  Fig.  130,  there  is  no  assurance  that  the  standards  are  located 


Fig.  129.    Laitre  Size  Borlnif  Jig  made  f^om  a  Solid  Caating' 

correctly  in  relation  to  each  other  or  to  the  work  to  be  bored,  and  it 
involves  more  or  less  work  to  get  the  jig  In  order.  The  jig  in  Fig.  129 
does  not  need  to  be  as  heavy  as  would  be  inferred  from  the  illustration, 
because  a  large  portion  of  the  bottom  can  be  cored  out. 

The  boring  jig  illustrated  in  Fig.  130  consists  of  four  parts;  the 
upright  members  A,  B,  and  C,  and  the  base-plate  D,  which  latter  may 
be  used  for  all  jigs  of  similar  construction.  This  type  of  boring  jig 
is  used  only  for  very  large  work.  In  the  case  illustrated  large  lathe 
heads  are  to  be  bored.  The  work  Is  located  on  the  base-plate  between 
the  two  members  A  and  C.  The  member  B  is  only  used  when  the  dis- 
tance between  A  and  C  is  very  long,  so  that  an  auxiliary  support  for 
the  boring  bar  is  required,  or  when  some  obstacle  prevents  the  bar 
from  passing  through  the  work  from  one  of  the  outside  members  to 
the  other.  As  a  rule  these  members  are  located  on  the  base-plate  by 
a  tongue  fitting  Into  one  of  the  slots  as  shown  at  E.  The  members 
are  brought  as  close  as  possible  to  the  work,  suflacient  space,  of  course, 
being  permitted  for  the  cutting  tools  to  be  Inserted.  The  standards 
are  cored  out  and  ribbed  and  lugs  provided  so  as  to  give  the  bearing 
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bushings  long  and  substantial  support.  Good  results  will  be  obtained 
with  this  type  of  jigs  provided  they  are  carefully  set  up  on  the  base- 
plate. At  F  in  the  member  B  is  shown  a  boss;  this  is  provided  with  a 
tapped  hole  for  a  hook  or  eye-bolt  for  facilitating  the  moving  of  the  Jig 


Fig.  ISO.    Boring  Jig  Consisting  of  Base-plata  &nd  Separate  Removable 
Uprights  canying  the  Guide  BushLnge 

member  by  an  overhead  crane.    The  other  members  have  tapped  holes 
on  the  top  for  the  same  purpose. 

The  jigs  in  Figs.  126,  128,  and  129  are  ordinarily  used  on  boring 
lathes,  but  the  one  shown  in  Fig*.  130  may  also  be  used  in  combination 


Fig.  ISl.    Boring  Jig  with  Portable  Drive 

with  a  portable  driving  and  feeding  arrangement,  one  type  of  which 
Is  shown  in  Fig.  132.    The  lugs  and  finished  bosses  on  the  side  of  jig 
member  A,  which  do  not  carry  bushings,  are  used  for  connection  to  this 
drive  and  feed  mechanism. 
Fig.  131  shows  a  boring  jig  of  the  loose  member  type  provided  with 
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motor  drive  for  the  boring  bars.  The  memberg  are  mounted  on  the 
base  A,  located  by  the  tongue  B,  and  clamped  down  by  T-bolts.  The 
work  Of  a  lathe  head,  is  placed  on  the  extension  piece  D.  The  boring 
bar  is  driven  from  the  motor  by  means  of  a  worm  and  worm-wheel,  the 
bar  being  fed  along  as  shown  in  Fig.  132.  In  this  engraving,  A  repre- 
sents the  work,  B  and  C  the  Jig  members,  D  the  motor  which  is  belt- 
connected  to  the  pulley  E,  which,  in  turn,  through  a  worm-shaft  F  and 
the  worm-wheel  W,  drives  the  boring  bar  O;  this  latter  is  keyed  to, 
but  at  the  same  time  is  a  sliding  fit  in,  the  worm-wheel.  The  bar  is 
fed  forward  by  the  feed-screw  H  which  passes  through  the  stationary 
nut  J  fastened  to  the  base-plate.  The  motion  of  the  screw  is  actuated 
from  the  bar  itself  through  a  train  of  gears.  The  gear  K  is  keyed  to 
the  screw  and  driven  by  the  gear  L  which  is  mounted  on  the  same 
stud  as  the  star-wheel  M  which  is  turned  by  the  pin  N  attached  to 
the  connecting  head  0;  this  latter  rotates  with  the  boring  bar,  but  the 


Flff-  132.    Outline  of  ArrmngBtnent  of  the  Drive  and  Feed  of  the  Boring  Bar 
of  the  Jiff  in  Fig.  131 

screw  H  is  a  free-running  fit  in  0,  and  simply  has  a  thrust  washer  at 
its  end  to  take  the  feed  thrust.  More  or  less  feed  can  be  arranged 
for  by  using  more  than  one  pin  in  the  connecting  head.  The  pin  or 
pins  can  be  pulled  back  when  the  feed  is  not  required.  The  gears  and 
star-wheel  are  mounted  in  the  bracket  P  which  follows  the  bar  and 
which  is  prevented  from  turning  by  the  rod  R  fastened  to  the  bracket. 
The  bar  can  be  pushed  back  by  using  a  wrench  or  crank  at  the  end  of 
the  feed-screw. 

The  feed  arrangement  shown  has  proved  very  serviceable  and  re- 
liable. A  separate  and  portable  drive,  of  the  type  indicated,  is  quite 
pecessary  for  large  boring  jigs  as  there  are  few  machines  large  enough 
in  the  ordinary  shop  to  handle  such  heavy  work. 

In  Fig.  133  is  shown  a  boring  jig  for  boring  out  the  top  frame  A 
of  radial  drills.  The  design  of  the  jig  is  simple  but  effective;  the  hole 
B  is  parallel  with  the  finished  side  C  of  the  jig  and  is  bored  out  after 
the  jig  has  been  brought  up  square  against  a  parallel  and  strapped  to 
the  machine  table.  The  hole  D  is  bored  at  an  angle  with  the  hole  B. 
and  the  setting  of  the  jig  for  the  boring  out  of  this  hole  is  facilitated 
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by  providing  a  wedge-shaped  piece  E  of  such  an  angle  that  the  Jig  will 
be  set  in  the  proper  position  when  moved  up  against  the  wedge.  If 
universal  Joints  are  used  for  connecting  the  boring  bar  with  the  driving 
spindle,  the  setting  of  the  work  at  an  angle  could  be  omitted,  although 
it  is  preferable  even  when  using  universal  Joints  to  have  the  boring 


Fiff.  188.    Wedflre-pl«oe  fbr  Aligntnflr  Work  for  Borlnflr  Holes  with  the 
Axes  at  an  Ani^le 

bars  as  nearly  as  possible  in  line  with  the  spindle.  This  eliminates  a 
great  deal  of  the  eccentric  stress,  especially  when  taking  a  heavy  cut 
with  coarse  feed. 

Boring  operations  are  sometimes  carried  out  using  parts  of  the 
machine  itself  as  guiding  means  for  the  boring  bars,  and  in  some 
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Flff.  184.    Bxamples  of  Boiinff  where  Parts  of  the  liachine  belnff  Built  are 
Used  as  Oiiidinff  Means 

instances  it  is  very  essential  that  boring  operations  be  performed  in  this 
way  in  order  to  obtain  perfect  alignment.  In  Fig.  134  is  shown  a  line 
engraving  of  a  machine  bed  with  the  head-stock  solid  with  the  bed. 
In  the  top  view  is  shown  a  method  for  boring  out  a  hole  at  B  by  the 
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use  of  two  jigs  C  and  D  which  are  located  on  the  V's  of  the  machine 
and  held  down  by  hook  bolts.  If  the  hole  B  only  passes  through  the 
part  E  of  the  head  this  would  be  the  preferable  way  of  boring  it.  In 
some  instances,  however,  the  hole  B  may  be  required  to  be  in  align- 
ment with  the  holes  in  a  carriage  or  in  a  bracket  as  at  F  and  G,  These 
holes,  of  course,  can  then  be  used  to  great  advantage  as  guiding  means. 
Should  the  holes  be  too  large  to  fit  the  boring  bar,  cast-iron  bushings 
can  be  made  to  fit  the  holes  and  the  bar.  In  the  elevation  and  end 
view  of  Fig.  134  is  shown  how  a  cross-sli^e  carriage  and  apron  /,  which 
has  a  hole  J  in  line  with  the  holes  in  bearings  K,  L,  and  M,  and  travels 
between  K  and  L,  can  be  bored  out  by  using  the  brackets  K,  L,  and  M 
to  guide  the  boring  bar.  By  keying  the  traveling  part  /  close  to  the 
bracket  during  the  boring  operation,  as  illustrated,  accurate  results 
will  be  obtained.  It  is  evident  that  two  of  the  bearings  could  be  bored 
out  by  using  the  finished  bearing  and  the  traveling  part  /  as  guiding 


Ptflr.  186.    Combined  DriUlnff  and  Boring  Jigr  Used  with  •  Horizontal 
DrlUinflr  and  Borinflr  Machine 

means.    Arrangements  of  this  kind  usually  save  expensive  tools,  and 
often  give  better  results. 

Combination  Drill  and  Boring  Jig 

Jigs  for  performing  both  drilling  and  boring  operations  are  frequent- 
ly used  to  great  advantage.  In  designing  such  Jigs,  however,  judgment 
must  be  shown  so  that  combination  jigs  will  not  be  employed  when  the 
operations  can  be  more  easily  performed  in  two  separate  jigs.  Some- 
times it  is  advisable  to  have  a  jig  for  the  boring  alone,  and  then  to  use 
the  bored  holes  for  locating  the  work  in  a  separate  drill  jig.  In  other 
cases  it  may  be  better  to  do  the  drilling  first  and  locate  the  work  for 
the  boring  operations  from  the  drilled  holes.  The  designer  should 
decide  which  method  would  be  preferable,  considering,  in  the  first  place, 
the  factors  of  the  time  required  and  the  accuracy  of  the  work.  To  give 
any  definite  rules  for  this  work  is  not  possible;  but  it  may  be  said  that 
combination  jigs  should  be  used  only  when  the  drilled  and  bored  holes 
have  nearly  the  same  diameters.  When  the  holes  are  of  widely  dif- 
ferent diameters  two  jigs  are  preferable.  If  a  few  screw-holes  of 
small  diameter  for  holding  a  collar  or  bracket,  for  instance,  located 
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around  a  large  bored  hole,  were  to  be  drilled  with  the  same  jig  used 
for  the  large  hole,  the  Jig,  when  used  on  a  small  drill  press,  would  be 
entirely  too  heavy  to  manipulate.  It  is  likely  that  in  such  a  case  a 
small  separate  drill  Jig  could  be  attached  directly  to  the  work.  In 
other  cases,  however,  it  will  prove  a  distinct  saving  to  combine  the  bor- 
ing and  drilling  jig  in  one. 

In  Figs.  135  and  136  is  shown  a  combination  drill  and  boring  Jig  of 
large  size.    The  work  A  in  Fig.  136  is  a  head-stock  for  a  lathe  with  a 


FlflT.  ISO.    Another  View  of  the  Jig  In  Fig.  135.    Note  that  Holes  are 
Drilled  or  Bored  Crom  All  Bides 

number  of  holes  to  be  drilled.  The  large  holes  B  at  both  ends  of  the 
head-stock  are  cored  as  usual,  and  allow  the  boring  bar  to  enter  for 
taking  the  roughing  cut.  The  holes  at  C  and  D  are  opened  up  by  drills 
previous  to  the  boring  operation.  As  there  is  considerable  distance 
between  the  end  of  the  head-stock  and  the  uprights  of  the  jig,  long 
bushings  are  used  to  give  the  tools  a  good  bearing  close  to  the  work. 
Both  the  drilling  and  boring  operations  may  be  performed  on  a  hori- 
zontal boring  and  drilling  machine.  As  the  horizontal  boring  and 
drilling  machines  .usually  have  adjustments  in  all  directions,  the  only 
moving  of  the  jig  necessary  is  to  turn  it  around  for  drilling  the  holes 
on  the  opposite  sides. 
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BORING,  RBAMINQ  AND  PACING  TOOLS* 

More  or  less  elaborate  tools  or  sets  of  tools  are  required  for  the 
various  boring  operations  performed  with  or  without  boring  jigs. 
These  tools  comprise  boring,  reaming  and  facing  bars,  boring  and  fac- 
ing cutters,  solid  or  shell  reamers,  boring  and  facing  heads,  bushings, 
stops,  drills,  collets,  and  knuckle  or  universal  joints. 

Boring  Bars 

The  general  requirements  of  a  boring  bar  are  that  it  must  be  as 
heavy  and  rigid  as  possible,  straight,  and  ground  concentric,  and  a 
Sood  running  fit  in  the  bushings.  When  the  bar  has  been  turned  and 
once  ground  to  the  right  size,  it  should  never  be  put  in  a  lathe  and 
filed,  or  emery  cloth  used  on  it.  Boring  bars  are  made  from  machine 
steel  and  are  not  hardened.  Sometimes  small  bars  are  made  from  tool 
steel  and  hardened,  in  order  to  give  them  additional  stiffness.  Shanks 
for  reamers,  and  facing  bars,  should  be  made  in  the  same  way  as  bor- 
ing bars,  but  if  possible,  should  be  even  stiffer. 

The  most  common  type  of  boring  bar  is  shown  in  Fig.  137,  the  cutter 
A  being  located  about  at  the  middle  of  the  bar,  and  the  bar  being  guided 
at  both  ends  by  bushings  B  and  C.  The  bar  is  provided  with  a  taper 
shank  at  i>,  fitting  the  spindle  of  the  machine  or  a  collet  connected 
with  a  knuckle  joint.  It  is  quite  common  practice  to  turn  down  the 
end  of  the  bar,  as  shown  in  Fig.  138,  to  fit  a  knuckle  joint  or  the  collet 
shown  in  Fig.  141.  Sometimes,  of  course,  the  bar  can  be  left  full  size, 
as  shown  in  Fig.  139,  and  sometimes  the  end  is  even  made  larger  than  . 
the  bar,  by  forcing  on  a  collar,  as  shown  in  Fig.  140,  in  order  that  the 
end  may  fit  the  driving  collet.  A  key  is  passed  through  the  end  of  the 
bar  for  driving  it;  this  key  fits  in  the  slot  A  in  the  collet  shown  in 
Fig.  141. 

The  bar  shown  in  Fig.  137  can  also  be  used  for  facing  purposes,  the 
cutter  A  being  taken  out,  and  a  facing  cutter  inserted.  The  same 
bar  can  also  be  used  for  a  special  shell  reamer,  when  this  has  a  straight 
liole,  the  reamer  being  held  to  the  bar  by  a  taper  pin,  as  shown  in  Fig. 
142.  Standard  shell  reamers  have  a  taper  hole,  and  for  these,  the  bar 
must  be  turned  with  a  taper  part,  as  shown  in  Fig.  143,  where  the 
part  A  is  turned  up  to  the  largest  size  possible  (generally  1/32  or 
1/16  inch  under  the  diameter  of  the  reamer);  part  B,  being  turned  to 
fit  the  taper  hole  in  the  shell  reamer,  is  left  long  enough  to  permit  the 
reamer  being  pressed  up  tight  without  touching  the  shoulder  D.  As 
a  rule,  the  taper  part  is  so  dimensioned  that  %  inch  will  be  left  at  E, 
between  the  shoulder  of  the  bar  and  the  back  of  the  shell  reamer,  when 
this  is  forced  up  as  far  as  possible.  The  reamer  is  driven  by  keys 
or  pins  entering  in  a  slot  cut  across  the  end  of  the  reamer.    The 
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part  C  of  the  bar  is  turned  down  to  some  standard  size,  just  below 
the  size  of  the  small  end  of  the  taper  hole  in  the  reamer.  The  bushings 
F  and  O  may  be  made  with  the  same  outside  diameter,  fitting  the  same 
size  lining  bushings  in  the  jig,  their  inside  bearings  being  made  to  fit 
the  large  and  small  diameters  of  the  bar. 

A  boring  bar  used  for  boring  out  two  holes  of  different  sizes  may 
be  made  as  shown  in  Fig.  144;  A  and  B  are  the  cutters  for  the  two 
holes,  and  part  of  the  bar  C  is  turned  down  for  a  length  D,  to  fit 
the  small  hole.    The  part  E  can  then  be  made  of  as  large  diameter  as 
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Fl08.  187  to  144.    Bortnir  Bars  of  Different  Types 

permissible  for  boring  out  the  hole  for  which  tool  A  is  used.  By 
making  the  bar  in  this  way,  a  more  rigid  construction  is  possible  than 
if  the  part  E  were  turned  down  to  the  smaller  diameter  required  by 
the  hole  bored  by  cutter  B,  There  may  be  more  than  two  holes  of 
different  sizes  in  succession,and  then  the  bars  may  have  a  greater  num- 
ber of  steps;  if  there  is  but  a  slight  difference  in  the  sizes  of  the  holes 
to  be  bored  out,  it  hardly  pays  to  turn  down  steps  on  the  bar.  The 
stepped  bar  may  also  be  used  for  facing  bars.  While  these  small 
matters  may  seem  unimportant  and  elementary,  they  must  be  taken 
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into  consideration  when  designing  a  set  of  expensive  tools  for  boring 
jigs  which  are  to  be  in  constant  use. 

Reamer  bars  used  for  reaming  out  two  or  more  holes  simultaneously 
may  be  made  as  shown  in  Fig.  145,  providing  the  diameter  A  is  large 
enough  for  turning  the  taper  portion  for  another  shell  reamer  of 
smaller  size.  Should  the  diameter  be  too  small  to  permit  this,  an 
extension  can  be  provided,  or  a  separate  bar  used  for  the  smaller 
reamer.    The  principle  of  stepped  bars  can  be  applied  also  in  cases 
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Figs.  145  to  160.    Other  DeslffDS  of  Boring  Bars 

where  the  cutters  are  placed  as  illustrated  in  Fig.  146.  Here  one  bor- 
ing cutter  or  facing  tool  is  placed  at  one  end,  the  bar  still  being  guided 
by  two  bushings. 

A  boring,  facing,  and  reamer  bar  used  almost  as  commonly  as  the 
one  already  described,  is  illustrated  in  Fig.  147.  The  principal  features 
of  this  bar  are  that  the  cutting  tool  is  always  located  at  the  end 
of  the  bar,  opposite  where  it  is  driven,  and  that  there  is  but  one 
bushing  for  guiding.  This  bushing  should  be  as  long  as  possible  to 
give  a  good  bearing  and  prevent  the  bar  from  wabbling.  Sometimes, 
as  illustrated  in  Fig.  121,  the  jig  is  made  with  two  bearings  which, 
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however,  are  on  the  same  side  of  the  cutter,  and  a  comparatively  short 
distance  apart 

Sometimes  a  bar  must  be  made  in  two  parts.  The  reason  may 
be  that  one  solid  bar  would  be  too  long  to  permit  its  being  pushed 
into  the  jig  from  one  side.  Another  reason  may  be  that  the  cutting 
tools  are  too  large  to  pass  through  some  intermediate  hole.  The  two 
parts  of  the  bar  may  be  connected  with  a  taper  pin,  as  shown  in  Fig. 
148,  the  end  of  bar  A  being  a  sliding  or  driving  fit  in  the  hole  in  sec- 
tion B.  This  bar  should  be  ground  after  the  two  parts  are  assembled, 
BO  that  they  will  run  exactly  true  with  each  other.  A  stepped  bar 
made  up  of  two  sections  is  shown  in  Fig.  149.  In  Fig.  150,  another 
method  of  connecting  the  two  sections  is  shown;  when  this  method  is 
used  the  two  bars  can  be  put  together  and  taken  apart  very  rapidly. 


TABLB  X.    BORING  AND  FAOINO  CUTTERS 
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This  method  can  also  be  used  to  connect  two  bars  by  a  separate  piece, 
as  shown  in  Fig.  151,  the  two  sections  being  bored  out  to  fit  the  inter- 
mediate piece,  which  has  two  pins  A  and  B  driven  into  it,  and  trans- 
mitting the  motion  from  one  section  of  the  bar  to  the  other,  as  indi- 
cated. It  is  evident  that  two  bearings  would  hardly  be  sufficient  for 
this  class  of  boring  bars.  When  these  bars  are  used,  three  or  more 
bearings  should  be  provided.  This  type  of  bar,  however,  is  not  used 
to  a  very  great  extent 

Cutters  for  Boring  Bars 

The  cutters  used  in  boring  bars  vary  widely.  The  cutter  A,  Fig.  152, 
is  commonly  used.  It  cuts  with  both  ends,  and  is  centered  by  the  two 
flats  B,  milled  or  filed  on  the  bar;  a  slot  is  provided  in  the  cutter, 
which  fits  these  flats  of  the  bar.  After  the  cutter  has  been  put  in 
place.  It  is  tightened  by  the  key  C,  and  is  turned  to  the  correct  diam- 
eter required,  and  then  hardened.  A  more  modern  arrangement  is 
shown  in  Fig.  163.    The  cutter  here  is  a  plain  rectangular  piece  of 
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steel,  cutting  with  both  ends.  It  is  centered  by  the  pin  A,  whict*  is 
driven  into  a  hole  drilled  so  that  one-half  of  it  passes  through  the  &1(>t 
in  the  cutter.    As  in  the  former  case,  the  cutter  is  turned  down  to  the? 
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Fiffa.  161  to  160.    DiflBrent  Types  of  Cutters  and  Methods  of  Fastenluflr 

right  diameter  when  in  place.    It  is  tightened  down  by  the  key  B. 

This  way  of  locating  the  cutter  centrally  has  proved  very  satisfactory. 

In  Table  X  are  given  dimensions  of  cutters  for  different  bar  diameters. 

Facing  cutters  may  be  located  and  held  in  place  in  the  same  way. 
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They  are  longer  than  boring  cutters,  being  intended  to  finish  a  boss 
or  seat  around  a  hole,  but  otherwise  they  are  made  to  about  the  same 
dimensions. 

Single-ended  boring  cutters,  as  shown  in  Pig.  154,  are  used  to  a 
great  extent,  and  it  is  claimed  that  they  give  a  more  perfect  hole. 
The  Illustration  shows  a  common  way  of  securing  the  tool;  the  cutter 
A,  which  is  made  of  drill  rod  or  other  round  tool  steel  stock,  fits  a  hole 
bored  at  an  angle  of  sixty  degrees  with  the  axis  of  the  bar,  and  is 
adjusted  by  the  headless  set-screw  B.  When  adjusted,  the  cutter  is 
held  rigidly  in  place  by  the  pin  C  provided  on  one  side  with  a  flat 
tapering  portion,  which  fits  against  the  flatted  side  of  the  cutter,  as 
shown  in  the  engraving.  This  cutter  is  very  easily  set  by  taking  a 
measurement  D  with  a  micrometer.  Subtract  from  the  dimension  D 
the  diameter  of  the  bar,  thereby  obtaining  dimension  E.  Now  add  E 
to  D,  thereby  obtaining  the  diameter  of  the  hole  which  will  be  cut. 
The  screw  may  have  to  be  adjusted  a  few  times,  to  obtain  the  desired 
result  Table  XI  gives  dimensions  for  this  kind  of  cutters,  and  also 
for  screws  and  pins  used  with  them.  The  two  kinds  of*  cutters  referred 
to  may  also  be  used  on  the  ends  of  the  bars,  as  shown  in  Figs.  155 
and  156.  The  cutter  of  the  type  shown  in  Fig.  153  may  be  held  in 
either  of  the  two  ways  shown  in  Fig.  155  and  Fig.  157.  In  the  latter 
case,  the  cutter  is  spotted  at  A,  and  held  by  a  pointed  screw  B.  This 
method,  however,  does  not  always  insure  very  accurate  results.  The 
simplest  kind  of  single-ended  cutter,  and  the  manner  in  which  it  is 
held  is  shown  in  Fig.  158.  It  may  be  used  in  any  kind  of  bar,  and 
with  ordinary  care,  good  results  may  be  obtained  even  with  this  simple 
tool.  The  variations  possible  are  many,  and  the  examples  shown  sim- 
ply indicate  the  most  common  practice. 

Facing  cutters  may  be  made  similar  to  boring  tools,  or  they  may  be 
made  with  teeth,  like  end  milling  cutters,  as  illustrated  in  Fig.  161. 
In  this  engraving,  one  of  the  cutters  A  cuts  with  both  sides,  while 
the  cutter  B  cuts  with  one  side  only.  The  bar  is  provided  with  a  slot 
and  with  notches  for  locating  and  holding  in  place  the  various  cutters, 
as  shown  at  (7.  A  pin  D  is  driven  into  the  cutter,  and  enters  the  notch, 
thus  driving  the  tool.  The  cutters  can  also  be  held  on  the  bar  by  taper 
pins,  but  the  putting  in  place  and  the  removal  of  the  cutters  would 
then  be  much  slower. 

Different  cutters  are  commonly  used  for  roughing  and  flnishing. 
To  make  it  easier  to  remove  the  metal  with  the  roughing  cutter,  it  may 
be  made  with  every  other  tooth  beveled  in  opposite  directions,  as 
shown  in  Fig.  160,  where  A  is  one  tooth  beveled  toward  the  center,  and 
B  the  next  tooth  beveled  outward.  Using  a  cutter  of  this  kind  will 
produce  a  surface  as  indicated  at  C,  which  must  be  faced  square  by  a 
finishing  cutter. 

In  order  to  face  the  work  to  correct  dimensions,  stops  are  some- 
times provided  which  strike  against  some  finished  surface  on  the  Jig 
which  stands  in  a  given  relation  to  the  finished  surface  on  the  work 
and  the  cutting  edge  of  the  facing  cutter.  Such  a  stop  may  be  made 
as  shown  at  E  in  Fig.  161,  and  be  held  and  located  in  the  same  way 
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as  the  facing  cutter.  The  stops  are  made  of  machine  steel,  case- 
hardened,  and  ground  on  the  bearing  surface.  When  facing  up  a  wide 
surface  with  an  inserted  blade  facing  tool,  it  is  often  the  practice  to 
cut  small  notches  in  the  blade,  as  shown  in  Fig.  159,  the  cutting 
edges  on  the  one  end  overlapping  the  notches  on  the  other.    Very  often 
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the  holes  to  be  bored  are  too  large  to  permit  cutters,  such  as  pre- 
viously described,  being  used,  and  then  it  is  necessary  to  provide  the 
^ring  bars  with  a  boring  head.  A  simple  boring  head  is  illustrated 
1^  Pig.  162,  in  which  A  is  the  head  held  on  the  bar  by  a  taper  pin:  B 
is  a  boring  tool  which  fits  in  a  slot  in  the  head,  and  which  can  be 
^justed  out  and  in  by  the  screw  C,  passing  through  the  shoe  D  which, 
^^  turn,  fits  the  slot,  and  against  which  the  cutter  is  located,  as  illus- 
trated. The  cutter  and  shoe  are  held  by  the  bolt  E.  The  bolt  is 
billed  flat  on  one  side  so  that  a  hook  is  formed  for  binding  the  cutter 
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Flga.  160  to  166.    Faoinff  Tools,  Boring  Heads,  Boring  Jig  Bushings,  and 
Universal  Joints  fbr  Driving  Boring  Bars 

and  shoe.  Two  or  more  cutters  may  be  used  in  these  boring  heads. 
At  F,  in  Fig.  162,  is  shown  a  facing  tool  used  in  the  same  head  as  the 
boring  tool.  No  adjusting  shoe  is  necessary  in  this  case,  as  the  facing 
cutter  bears  directly  against  the  bottom  of  the  slot  in  the  head,  and 
against  the  boring  bar,  and  is  held  by  a  bolt  G,  milled  with  a  tapering 
flat  on  one  side,  which  wedges  the  cutter  into  its  seat.  More  compli- 
cated boring  heads  are  provided  with  a  small  slide  for  adjusting  the 
tools;  some  are  made  similar  to  the  box  tools  used  in  turret  lathes. 
The  reamers  most  commonly  used  in  connection  with  boring  jigs 
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are  shell  reamers  of  standard  make.  Many  concerns  have  been 
in  the  habit  of  making  their  own  shell  reamers  with  inserted  blades, 
designed  about  as  shown  in  Fig.  163;  A  is  a  machine  steel  body»  and  B 
a  tool  steel  blade,  which  is  made  tapered  as  shown,  and  driven  into 
place.  When  the  blades  are  inserted  in  the  body,  the  reamer  is  ground. 
The  reamer  can  be  re-ground  when  dull,  and  kept  to  standard  sise,  by 
forcing  up  the  blades  along  the  taper.  The  bodies  of  very  large  in- 
serted blade  reamers  are  made  of  cast  iron. 

Bushings  for  Boring  Jigs 

Lining  bushings  for  boring  jigs  are  made  of  machine  steel,  case- 
hardened  and  ground,  and  the  loose  bushings  also  are  often  made  of 
machine  steel.  They  may,  however,  be  made  with  equal  success  from 
east  iron,  which  wears  well,  and  has  less  tendency  to  stick  to  the 
steel  bar.  The  bushings  for  boring  jigs  may  be  made  with  facilities 
for  removal,  similar  to  those  previously  described  in  Chapter  II,  of 
Part  I.  In  Fig.  164  is  shown  a  bushing  having  two  pins  driven  into 
the  head,  to  facilitate  removal,  and  the  pin  A  over  which  the  half- 
round  slot  in  the  edge  of  the  head  fits,  prevents  the  bushing  from  turn- 
ing. Slots,  as  shown  at  B,  are  sometimes  provided  to  permit  cutting 
tools  to  pass  through. 

In  places  where  it  is  impossible  to  put  in  bushings  before  the  bar  is 
put  in,  or  over  the  end  of  the  bar  after  it  is  put  in,  a  bushing  made 
in  two  halves  can  be  used,  as  illustrated  in  Fig.  165.  The  writer  has 
seen  this  kind  of  bushing  in  use  in  the  Pratt  ft  Whitney  Co.*s  shops, 
where  it  probably  was  originated,  and  it  worked  very  well.  The  two 
halves  are  held  together  by  a  wire  passing  through  the  head  flanges 
at  one  side  as  indicated.  A  bushing  of  this  type  can  be  put  right  over 
the  bar  at  any  place,  and  pushed  into  the  lining  bushing. 

Knuckle  Joints 
When  boring  bars  are  provided  with  a  standard  taper  shank,  this 
may  be  put  directly  into  the  spindle  of  the  machine,  but  in  that  case 
the  jig  must  be  lined  up  very  accurately  with  the  spindle,  and  this 
sometimes  takes  more  time  than  is  permissible.  It  is  better  to  use 
knuckle  or  universal  joints  for  connecting  the  live  spindle  with  the 
boring  bar.  These  are  constructed  as  indicated  in  Fig.  166,  and  are 
made  in  different  sizes,  for  the  different  sized  bars  for  which  they 
are  used.  The  shank  A  fits  into  the  machine  spindle.  The  end  of  the 
knuckle  joint  B  is  provided  with  a  hole  D  into  which  fits  the  end  of 
the  collet  C,  which  in  turn,  takes  the  shank  of  the  boring  bar.  The 
hole  D  may  also  take  the  end  of  the  boring  bars  directly.  The  method 
of  driving  the  bar  from  the  knuckle  joint  may  be  either  by  a  taper  pin 
as  shown  in  Fig.  166,  or  by  the  means  shown  in  the  engraving  in  Table 
XII,  where  dimensions  are  given  for  a  coupling  of  good  construction, 
connecting  boring  bar  and  knuckle  joint. 
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PLANING  AND  MILLING  FIXTURES* 

Fixtures  for  planing  and  milling  are  as  essential  for  interchangeable 
manufacturing  as  are  drilling  and  boring  jigs.  Fixtures  of  this  kind 
serve  primarily  the  purpose  of  locating  and  holding  the  work,  but  they 
are  often  provided  with  setting  pieces  or  templets  which  are  made 
either  in  one  part  with  the  fixture  or  separate;  the  cutting  tools  are 
set  to  these  setting  pieces  so  that  the  work  is  always  machined  in  a 
certain  relation  to  the  locating  means  on  the  fixture  itself. 

When  more  than  one  milling  operation  is  to  be  performed  on  the 
same  piece,  it  is  often  possible  to  use  the  same  fixture  for  the  various 
operations,  but  it  may  be,  in  some  cases,  of  advantage  to  make  up  a 
fixture  for  each  dilferent  operation.  The  designer  must  in  this  case 
be  guided  by  the  number  of  pieces  that  are  to  be  machined,  and  the 
advantages  as  regards  rapidity  of  handling  and  operation  that  may  be 
gained  by  having  special  fixtures  for  every  operation,  even  though  the 
operations  may  be  such  as  to  permit  the  same  fixture  to  be  used,  with 
or  without  slight  changes. 

The  strength  of  fixtures  should  be  governed  by  the  kind  of  opera- 
tion to  be  carried  out  on  the  work  while  in  the  fixture,  whether  plan- 
ing, milling,  slotting,  etc.,  and  how  much  stock  is  to  be  removed.  A 
milling  fixture,  as  a  rule,  must  be  made  stronger  than  a  planing  fix- 
ture, because  a  milling  cutter,  as  a  rule,  takes  a  heavier  cut  than  a 
planing  tool. 

The  principles  which  have  been  previously  explained  in  this  treatise 
for  drill  jigs  govern  the  locating  means  of  milling  fixtures,  and  clamp- 
ing devices  of  the  same  general  type  are  described  and  illustrated 
in  Chapter  IV,  are  used,  except  that  they  are  usually  made  heavier 
than  when  used  for  drill  jigs  and  planing  fixtures.  On  account  of 
the  irregular  form  of  the  work  and  the  necessity  for  clearing  the  cut- 
ting tools,  the  clamps  of  milling  and  planing  fixtures  must  often  have 
irregular  shapes. 

An  important  factor,  on  which  too  much  stress  cannot  be  placed,  is 
the  necessity  of  having  sufficient  clearance  for  the  cutting  tools  so 
that  they  will  not  interfere  with  some  part  of  the  fixture  and  clamping 
devices,  and  also  that  the  fixtures,  when  located  on  the  platen  or  ma- 
chine table,  will  not  interfere  with  any  part  of  the  machine,  when  the 
table  is  fed  one  way  or  another.  As  a  rule,  milling  and  planing  fixtures 
are  provided  with  a  tongue  or  key  in  the  base,  for  locating  them  on  the 
machine  table.  Suitable  lugs  should  also  be  provided  for  clamping  the 
fixture  to  the  platen. 

One  of  the  very  simplest  types  of  fixture  is  illustrated  in  Fig.  167; 
work  being  planed  is  very  commonly  located  and  held  by  the  means 
indicated,  and  for  taking  light  cuts  in  the  milling  machine  such  an 


*  Machinery,  April,  1909. 
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appliance  may  also  be  used.  In  this  case,  the  planer  platen  A  forms 
part  of  the  fixture,  and  the  work  B,  located  on  the  platen,  is  held  up 
against  the  bar  C,  which  is  held  down  by  bolts,  and  located  by  a  tongue 
as  shown.  The  lugs  and  lug-screws  shown  with  the  spurs  D  hold  the 
work  up  against  the  bar,  and  press  it  fiat  against  the  table.  Instead 
of  using  the  loose  spurs  D  between  the  screws  and  the  work,  it  is 
sometimes  possible  to  let  the  screws  bear  directly  on  the  work,  in 
which  case  the  screws  should  pass  through  the  lugs  at  an  angle  with 
the  top  of  the  table,  as  shown  in  Fig.  173.  The  arrangement  in  Fig.  167 
may  or  may  not  properly  be  considered  a  fixture,  but  it  illustrates  the 
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Plff.  107.  Prtnctoles  of  Fixtures  as  shown  by  Oommon  Method  of  Olsjnplnff  Work  on 
the  Planer.  Fl^.  168.  The  Oommon  lOllinflr  Machine  Vise,  an  Bzampl*  of  A<Uustable 
Ffactore  of  Wide  Range.  Flflr.  109.  Vise  with  False  Jaws  shaped  to  the  Form  of  the 
Work  by  the  Onttlnff  Tools  themselves 

principles  of  a  fixture,  as  it  locates  and  clamps  the  work  In  the  sim- 
plest manner. 

The  most  commonly  used  fixture  for  planing,  shaping  and  milling  is 
the  vise.  Standard  vises  are  indispensable  in  planer  or  milling  ma- 
chine work,  and  by  slight  changes  they  can  be  used  for  a  large  variety 
of  smaller  pieces.  In  Fig.  168  are  shown  the  regular  vise  jaws  A  of  a 
standard  vise.  These  jaws  are  often  replaced  by  false  jaws,  which 
may  be  fitted  with  locating  pins  and  seats,  and  held  to  the  vise  the 
same  as  the  regular  jaws.  They  are  usually  left  soft,  and  often  the 
milling  cutter  is  permitted  to  cut  out  the  jaw  to  the  same  shape  as 
required  for  the  work,  as  shown  in  Fig.  169.  Vises  with  false  vise 
jaws  are  especially  adapted  for  milling  operations,  but  vises  are  not 
usually  employed  for  long  work,  special  fixtures  then  being  commonly 
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made.  While  it  is  difficult  to  lay  down  specific  principles  for  the  de- 
signing of  milling  and  planing  fixtures,  it  may  be  said  that  tor  most 
kinds  of  plain  work,  finished  in  the  planer,  the  fixture  shown  in  Fig. 
167  is  quite  satisfactory.  When  pieces  of  a  more  complicated  nature 
are  to  be  machined,  particularly  in  the  milling  machine,  more  compli- 
cated fixtures  will  be  required. 

Assume  that  a  set  of  planing  fixtures  for  the  piece  shown  in  Fig. 
170  is  required.  The  work  is  a  slide  or  carriage  for  a  lathe.  The 
finishing  marks  given  on  a  number  of  the  surfaces  Indicate  where  the 
work  is  to  be  finished.  The  piece  comes  from  the  foundry.  In  the 
first  place,  it  must  be  considered  from  which  sides  to  locate,  and  how 
to  locate  and  hold  the  work  without  springing  it,  and  in  what  order 
the  operations  should  be  performed  to  best  advantage.  Fig.  171  shows 
a  fixture  for  roughing  out  the  ways  on  the  bottom.  The  slide  is 
located  on  three  fixed  locating  points  A  and  the  sliding  point  B.  This 
latter  is  adjustable  in  order  to  enable  cutting  the  metal  in  the  slide 
as  nearly  as  possible  to  uniform  thickness.  Sometimes,  if  the  parts  A, 
Pig.  170,  bevel  toward  the  ends,  lugs  B  may  be  added;  these  can  then 
be  finished  and  used  for  locating  purposes.  The  carriage,  as  shown  in 
Pig.  171,  is  further  located  against  the  pins  C  in  order  to  insure  that 
the  cross-slide  of  the  carriage  will  be  square  with  the  bottom  ways. 
The  slide  is  brought  up  sidewise  against  the  pin  D,  and  then  clamped 
down  in  convenient  places,  the  clamps  being  placed  as  near  the  bear- 
ing points  as  possible  to  avoid  springing.  The  reason  for  not  having 
the  locating  point  D  on  the  opposite  side,  is  that  this  side  must  be 
finished  at  the  same  setting;  this  side,  being  the  front  side  of  the 
carriage,  is  finished  for  receiving  an  apron. 

The  sides  E  and  F  of  the  fixture  may  be  finished  in  a  certain  rela- 
tion to  the  locating  points  and  each  other,  and  the  side  E  may  be  made 
perfectly  square  with  the  locating  points,  so  that  when  it  is  brought 
up  against  a  parallel  on  the  machine  table,  the  ways  of  the  machined 
piece  will  be  square  with  the  ends.  The  side  F  may  be  finished  on 
the  same  taper  as  required  in  one  way  of  the  work  for  a  taper  gib. 

The  fixture  for  the  next  operation  is  shown  in  Fig.  174.  This  fix- 
ture is  made  to  receive  the  carriage  and  locate  it  by  the  now  rough- 
finished  ways;  in  this  fixture  the  cross-slide  dove-tail  in  the  work  is 
planed.  The  slide  rests  on  four  finished  pads  A,  and  the  straight  side 
B  of  the  ways  in  the  slide  is  brought  up  against  the  finished  surfaces 
C.  If  no  other  part  is  available  for  clamping  the  fixture  on  the  ma- 
chine table,  lugs  E  are  added.  If  there  are  no  tapering  surfaces,  the 
fixture  can  be  located  on  the  machine  table  by  a  tongue,  as  already  men- 
tioned, or  by  placing  a  finished  side  against  a  parallel.  The  slide  or 
dove-tail  is  now  roughed  out  and  it  is  usually  sufficiently  accurate  prac- 
tice to  finish  it  in  the  same  setting,  especially  as  slides  must  always  be 
scraped  and  fitted  to  suit  the  machine  on  which  they  are  to  be  used. 

The  next  operation  would  be  performed  in  the  fixture  illustrated  in 
Pig.  175.  The  carriage  is  here  located  by  the  dove-tail  and  by  the  pin 
B,  and  held  by  a  gib  C,  or  by  straps  and  screws,  as  shown.  It  will 
be  noticed  that  with  the  given  design,  the  straps  and  screws  must  be 
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removed  each  time  a  new  piece  is  inserted,  which  is  an  undesirable 
feature  of  the  fixture.  If  parts  A  in  Fig.  170  project  out  too  far,  so 
that  a  light  finishing  cut  would  cause  springing,  they  are  supported  by 
sliding  points  or  other  adjustable  locating  means. 

If  the  dove-tail  in  the  slide  had  simply  been  rough-finished   in  the 
fixture  Fig.  174,  the  finishing  operation  of  the  bottom  ways    oould 
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have  been  done  as  Just  described  in  the  fixture  in  Fig.  175,  and  then, 
after  having  finished  the  bottom  ways  in  this  fixture,  the  work  could 
again  have  been  located  in  the  fixture  Fig.  174,  and  the  dove-tail  fin- 
ished; this  procedure  might  insure  more  accurate  work  in  some  cases. 
In  the  case  just  described,  the  work  requires  three  difterent  fixtures 
to  be  completed.  The  number  of  fixtures  to  use  in  each  case  is  entirely 
dependent  upon  the  nature  of  the  work.    When  there  is  a  large  amount 


Digitized  by  VjOOQ IC 


PLANING  AND  MILLING  FIXTURES 


35 


of  work  of  the  same  kind  to  be  done,  several  fixtures  of  the  same 
type  are  made  up  for  the  same  piece,  and  when  in  use  these  fixtures 
are  placed  in  a  "string"  on  the  table  of  the  machine,  as  shown  in 
Fig.  172.  Each  strap  holds  down  two  of  the  jigs,  one  on  each  side  of 
the  bolt  through  the  strap.  The  first  one  of  the  fixtures.  A,  is  pro- 
vided with  a  templet  B,  to  which  the  tool  may  be  set.  The  fixtures  are 
located  against  the  bars  C  and  D,  alternately,  depending  upon 
whether  the  straight  or  tapered  side  of  the  slide  planed  in  these  fix- 
tures is  being  finished. 

Templets  are  often  made  up  separately  and  are  used  to  determine 
the  machining  of  both  larger  and  smaller  work.  A  templet  may  even 
be  made  adjustable,  as  shown  in  Fig.  176.  This  templet  may  be  fas- 
tened to  the  machine  table  either  in  front  or  behind  the  work  and 
the  tool  set  to  it,  and  is  used  when  planing  machine  beds.  Other 
templets  or  gages  are  made  for  testing  the  planing.  They  may  not 
properly  be  considered  as  parts  of  the  fixtures,  but  are  usually  designed 
and  made  at  the  same  time  as  the  fixtures  are  completed.    These 
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Flffs.  176  to  178.    Oages  tor  Sattinff  Tools  and  Testing  Work 

gages  are  made  from  sheet  iron,  and  the  profile  or  cross-section  of 
the  work  to  be  planed  or  milled  is  cut  into  the  templet,  as  shown  in 
Fig.  177.  Other  testing  pieces  may  be  made  up  more  elaborately, 
as  shown  in  Fig.  178.  These  latter  are  also  used  for  testing  when 
scraping  and  fitting  the  work.  One  templet  may  be  made  for  rough 
planing  or  milling  and  one  for  the  finishing  cut. 

A  milling  fixture  of  a  type  commonly  used  is  illustrated  in  Fig.  179. 
The  work  A  is  supposed  to  be  milled  on  both  sides  simultaneously. 
It  is  located  on  the  fixture  base  B,  and  is  held  up  against  the  half 
V-shaped  piece  C,  which  is  stationary  and  held  to  the  base  by  screws; 
the  clamping  is  done  by  a  clamp  D,  which  is  guided  at  E  as  indicated, 
so  that  it  has  a  tendency  to  hold  the  work  down  well.  Both  the  clamp 
and  the  corresponding  piece  C  are  thinner  than  the  work,  so  as  to 
allow  the  straddle  milling  cutters  to  pass  over  the  fixture  without 
interference. 

In  Fig.  180  is  illustrated  a  simple  fixture  which  may  be  used  for 
both  milling  and  planing.  Two  pieces  are  machined  at  the  same  set 
ting  In  this  fixture,  and  are  located  against  the  finished  seats  A  and  B. 
which  latter  acts  both  as  a  seat  and  as  a  stop.  Another  seat  like  B 
OB  the  opposite  side  is  not  visible  in  the  illustration.    As  the  work  to 
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be  done  is  of  a  rough  character,  sliding  points  provided  at  C  give  an 
adjustable  support.  The  work  is  clamped  by  the  pointed  screws  D. 
The  tool  is  set  by  the  lug  E,  which  is  cast  solid  with  the  fixture  and 
which  has  its  top  finished  to  the  required  height. 

It  is  often  advantageous  to  perform  milling  operations  after   the 
boring  and  drilling  has  been  done  on  the  work,  and  then  some  fin- 
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mg.  179.    A  Typical  Milling  Fixture 

ished  hole  may  be  used  for  locating  the  work.  An  example  of  this  is 
shown  in  Fig.  181  where  the  work  A  is  located  by  an  arbor  B  passing 
through  the  finish-bored  hole  in  the  work,  and  resting  on  two  V-blocks 
planed  out  in  the  fixture  as  shown.  Two  straps  C  hold  the  arbor  down 
in  the  V-blocks.    The  work  is  further  located  against  the  screws  D. 


Flff.  ISO.    Simple  Tjrpe  of  Milling  Fixture 

which  are  adjustable  so  that  the  work  may  be  held  level.    The  clamping 
screw  E  holds  the  work  against  the  screws  D. 

It  is  sometimes  advantageous  to  make  fixtures  for  holding  work  in 
the  lathe.  Suppose  that  a  piece  to  be  finished  has  the  appearance 
shown  in  Pig.  182.  The  dove-tail  A  is  finished,  and  the  circular  seat  B 
is  to  be  turned  afterward  so  that  the  center  of  the  seat  will  come 
in  a  certain  relation  to  the  dove-tail  and  a  certain  distance  from  the 
end.     This  operation  can  be  carried  out  as  shown  in  Pig.  183,  by  plac- 
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Ing  parallels  A  on  the  face-plate  B  of  the  lathe.  These  parallels  will 
serve  as  locating  means,  and  straps  C  hold  down  the  work.  If  it  is 
required  that  the  seat  be  in  exact  relation  to  the  dove-tail,  two  rollers 
D  may  be  used  against  which  the  slide  is  located ;  the  angle  of  the  dove- 
tail and  the  diameter  of  the  rollers  are  calculated  so  that  the  work  can 
be  very  carefully  located. 


Machinery jr.T. 


Flff.  181.    Mllllnff  Fiztare  In  wbich  Work  is  Located  fkrom  a  Previoaaly 
Bored  Hole 

The  work  may  be  turned  out  properly  by  this  means  by  a  careful 
man,  but  there  are  always  chances  of  moving  the  parallels  and  it  is 
a  slow  operation.  If  a  simple  fixture  like  the  one  illustrated  in  Fig. 
184  is  used,  an  apprentice  can  do  the  work  correctly,  provided  he 
Icnows  how  to  run  a  lathe.  The  work  A  is  located  by  a  dove-tail  in  a 
manner  similar  to  that  in  which  it  will  later  be  located  on  the  machine 
on  which  it  is  to  be  used.    It  is  held  against  the  dove-tail  in  the  fixture 


PUrs.  182  and  18S. 


Work  to  be  Reoeased  and  Faced,  and  Method  of  Dolnsr  it 
in  a  Lathe 


by  screws  B  and  clamped  down  on  its  seat  by  straps  C.  The  pin  D 
locates  the  work  in  the  other  direction,  and  the  fixture  itself  is  located 
on  the  face-plate  by  the  boss  E;  as  this  boss  has  a  perfect  fit  in  a 
recess  turned  out  in  the  face-plate,  it  must,  by  necessity,  run  true. 
Slots  may  be  provided  for  locating  the  fixture  on  the  face-plate  and 
drlTlng  keys  inserted  at  F.  A  sufficiently  large  lug  G  may  be  provided 
for  ooonter-balancing. 
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It  is  always  of  advantage  to  try  to  locate  work  in  fixtures  in  the  same 
manner  as  it  is  located  on  the  machine  In  which  it  is  to  be  used 

IndezinfiT  Fixtures 
A  number  of  fixtures  for  performing  various  operations  are  fitted 
with  indexing  devices,  so  that  accurate  machining  at  predetermined 
places  in  the  work  may  be  carried  out  in  the  shortest  possible  time. 
A  simple  indexing  fixture  is  shown  in  Fig.  185.  The  work  is  mounted 
on  a  disk  A,  which  turns  in  the  bearing  hole  B  bored  out  in  the  knee 
or  angle  iron  C,  which  is  located  and  fastened  on  the  machine  table. 
The  disk  A  is  indexed,  and  held  in  the  right  poeitlcm  by  a  pin  D, 
which  fits  into  a  finished  hole  in  the  angle  iron  and  also  into  one  of 
the  holes  in  the  disk.  The  disk  A  is  clamped  against  the  knee  C  by  a 
screw  and  washer  E  while  taking  the  cut.  When  the  main  parts  of  this 
fixture  are  made  of  cast  iron  it  is  sometimes  the  practice  to  put  lining 


Fig.  184.    Fixture  for  Reoeselng  Work  shown  in  Fiir*  182 

bushings  of  tool  steel  in  the  indexing  holes  to  prevent  them  from 
being  worn  out  too  rapidly  by  the  continual  removal  and  insertion  of 
plug  D.  This  is  a  very  simple  indexing  fixture,  but  a  great  deal  of 
work  can  be  finished  without  more  elaborate  arrangements.  By  adding 
a  plate  F,  screwed  to  the  top  of  the  knee,  and  fitted  with  a  drill  bush- 
ing as  indicated,  radial  drilling  operations  may  be  performed  in  the 
same  device. 

In  Fig.  186  is  shown  a  similar  indexing  fixture  somewhat  modified. 
The  work  is  located  and  held  on  the  rotating  disk  A,  which  is  fitted 
in  place  in  the  bracket  or  body  C,  so  as  to  have  no  play.  The  round 
plunger  B  is  beveled  on  the  end.  and  fits  the  slots  in  the  circumference 
of  the  disk.  A  spiral  spring  pushes  the  plunger  into  place.  The 
plunger  is  guided  by  a  pin  in  an  oblong  slot,  so  as  not  to  turn  around. 
Sometimes  the  plunger  may  be  made  square  or  with  a  rectangular 
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section,  and  fit  a  slot  which  may  be  shaped  to  this  form.  This  latter 
method  is  more  expensive  and  does  not  give  better  satisfaction  than 
the  plunger  with  the  round  body. 

A  large  variation  of  methods  for  indexing  are  in  use,  employing 
pawls,  levers,  springs  and  safety-locking  devices,  which  sometimes  may 
be  necessary.    Indexing  fixtures,  however,  designed  according  to  the 


Flff.  180.    Simple  Type  of  Indezln^  Fixture 

simple  principles  laid  do^-n  above,  will  give  as  good  service  as  many 
complicated  arrangements.  These  indexing  devices  are  used  in  cases 
where  the  standard  indexing  heads  would  not  be  suitable,  and  for 
many  classes  of  work  are  equally  efficient 

Conclusion 
In  a  large  shop  with  a  great  number  of  Jigs  and  fixtures,  it  is  quite 
difficult  to  keep  them  in  proper  order,  and  to  have  them  so  indexed 


Flff.  18a.    Another  Type  of  Indexinir  Fixture 

and  classified  as  to  be  able  to  find  the  required  fixture  at  a  moment's 
notice.  It  is  unquestionably  the  best  way  to  permit  each  department 
to  have  a  storing  place  for  all  its  own  jigs  and  fixtures,  more  espe> 
clally  so  if  there  is  a  store-room  for  other  tools  in  each  department 
The  Jigs  or  fixtures  are  given  out  to  the  operators  in  exchange  for 
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checks,  and  before  they  are  returned  they  should  be  carefully  cleaned 
and  the  finished  surfaces  greased  to  prevent  rusting.  Before  return- 
ing the  check  to  the  workman,  the  tool-room  clerk  should  look  over 
the  fixture  to  see  that  no  loose  parts  are  missing,  and  no  parts  broken, 
and  also  that  all  loose  pieces  are  tied  together  and  attached  to  the 
Jig  body.  The  tools  are  placed  on  shelves  partitioned  oft  and  num- 
bered and  an  index  is  kept,  showing  at  a  glance  the  location  of  the 
tools  for  different  operations.  A  copy  of  the  index  should  be  in  the 
possession  of  the  foreman,  and  also  of  the  tool-room  clerk,  and  should 
give  the  piece  number  of  the  work  to  be  done  in  the  jig,  the  number  of 
the  Jig  itself,  and  its  place  in  the  racks. 

When  arranging  and  storing  the  jigs,  the  lighter  jigs  are  placed 
on  the  top  shelves  and  the  heavier  further  down.  This  not  only  per- 
mits a  lighter  construction  of  the  storing  shelves,  but  also  makes  it 
more  convenient  for  the  attendant  to  put  the  jigs  and  fixtures  In  place. 
If  possible.  Jigs  used  for  the  same  machine,  or  the  same  type  of  ma- 
chines, should  be  in  the  same  section  of  the  rack,  as  this,  to  a  certain 
extent,  facilitates  getting  out  Jigs  for  the  same  work.  When  a  Jig  or 
fixture  needs  repairing,  it  should  be  sent  at  once  to  the  tool-making  de- 
partment, even  if  it  is  not  to  be  used  immediately. 

In  some  trade  journals  there  has  been  a  great  deal  of  paper  wasted 
discussing  what  position  a  tool  and  Jig  designer  really  occupies, — 
whether  he  should  be  considered  a  designer  with  a  designer's  salary, 
or  simply  a  draftsman,  and  of  other  topics  of  similar  nature.  The  fact 
remains,  however,  that  a  progressive  manufacturing  plant,  in  order  to 
have  suitable  and  efficient  tools  devised,  requires  a  man  who  possesses 
in  the  first  place,  good  shop  experience,  in  the  second  place,  sound  prac- 
tical judgment,  and  in  the  third  place,  a  fundamental  knowledge  of 
theoretical  mechanical  principles. 
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CHAPTER  I 


THB  DROP  PORaiNa  PLANT* 

The  design  and  equipment  of  the  drop  forge  and  hardening  depart- 
ments— adjuncts  most  important  to  the  modem  manufacturing  plant — 
are  subjects  frequently  entirely  neglected  in  preliminary  design,  and 
almost  invariably  slighted  in  erection.  While  this  fact  is  due»  without 
doubt,  to  conservatism,  it  is  not  to  be  denied  that  in  few  places  will 
careful  design  or  small  investment  show  greater  beneficial  results  in 
finished  product,  or  quicker  returns  from  the  amount  of  money  ex- 
pended. To  install  an  elaborately  equipped  tool  shop,  and  a  hardening 
department  consisting  only  of  a  few  coal  and  gas  fires  and  tubs  of  fresh 
water,  indicates,  to  the  writer's  mind,  lack  of  proper  thought,  and  is,  to 
say  the  least,  inconsistent.  It  is  the  object  of  the  present  chapter  to 
illustrate  and  describe  a  type  of  each  department,  indicative  of  what 
constitutes  best  modern  practice,  together  with  discussion  bearing  on 
such  departments  in  general. 

The  drop  forge  and  hardening  departments  being  of  the  same  gen- 
eral type,  should  preferably  be  combined  under  one  roof.  In  a  build- 
ing for  this  purpose,  ventilation  is  of  greater  importance  than  light. 
A  good  form  of  building  is  from  60  to  70  feet  wide  by  about  20  feet 
high  under  the  trusses,  with  roof  pitched  not  less  than  30  degrees,  and 
a  ventilating  monitor  at  least  15  feet  wide  extending  the  entire  length 
of  the  building.  Windows  throughout  should  be  of  the  American  type, 
with  sliding  sashes. 

In  the  hardening  room,  all  windows  should  be  protected  from 
excessive  light  by  slat  shutters  or  louvres,  the  slats  being  set  at  45 
degrees  and  about  3  inches  apart,  adjustable  for  about  1  foot  at  the 
top.  This  arrangement  gives  a  subdued  light,  enabling  the  hardener 
to  distinguish  his  color  with  a  greater  degree  of  accuracy.  The  slight 
adjustment  at  the  top  is  sufficient  to  keep  the  interior  light  even, 
regardless  of  the  outside  conditions.  One  16  candlepower  light  hung 
7  feet  from  the  fioor  should  be  provided  for  every  150  square  feet  of 
floor  space  in  this  department.  Fig.  1  shows  the  plan  of  a  building 
as  primarily  laid  out  as  a  part  of  a  large  manufacturing  plant. 

Location  of  "Die- sinking  Department 

The  die-sinking  and  inspecting  departments  are  situated  in  the  end 
of  the  building,  both  to  insure  better  light,  and  to  be  further  away  from 
the  jar  of  the  larger  drop-hammers.  The  jar  in  a  department  so 
located  is  insufficient  to  materially  affect  the  quality  of  the  work, 
provided  the  partitions  are  of  brick  and  extend  well  below  the  floor 
line.  The  rough  stock  for  dies  is  to  be  brought  in  at  the  door  near 
the  end  of  the  building,  planed  up  and  dovetailed  in  10-foot  lengths, 
and  rough  sawed  to  size  desired  in  a  Thompson  hacksaw.    The  flnished 
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dies  are  to  be  stored  in  a  fireproof  vault  assigned  to  them,  on  racks 
with  shelves  8  inches  wide,  the  dies  being  stored  face  out,  one  half 
above  the  other.  Thirty-inch  passageways,  being  sufficiently  wide  to 
admit  single  trucks,  are  allowed  between  the  racks. 

Board  and  Steam  Drop-hammers— Helve  and  Trip  Hammers 

In  a  moderate  sized  shop  at  least,  it  is  good  policy  to  install  com- 
paratively large  drop-hammers  on  account  of  their  broader  range  of 
utility.  General  practice  is  to  install  board  drops  with  no  size  smaller 
than  400  pounds,  and  to  install  steam  drops  where  the  work  requires 
sizes  larger  than  1,000  pounds.  The  steam  drop  in  large  sizes  has  the 
advantage  of  being  able  to  break  down  its  own  work,  but  on  small 
parts  many  forgings  are  spoiled  by  catching  in  the  quick  stroke. 

In  Fig.  1  the  larger  board  drops  have  been  set  in  conjunction  with 
a  helve  hammer,  so  arranged  that  it  may  break  down  for  two  of 
them.  This  result  may  be  obtained  equally  well  by  setting  the  helve 
hammer  between  two  drops  and  faced  the  same  way,  but  with  the 
anvil  block  set  about  3  feet  in  front  of  the  base  line  of  the  drop  ham- 
mers, thus  permitting  the  blacksmith  to  swing  his  stock  directly  from 
one  to  the  other. 

The  large  hammers  are  set  nearest  the  main  cross  passageways  to 
lessen  the  travel  for  the  larger  stock  and  finished  product.  The 
forgings  are,  of  course,  hot  trimmed  in  the  trimming  presses  set  in 
conjunction  with  each  hammer,  but  before  going  to  the  machine  shop, 
they  are  accurately  trimmed  to  the  size  required  for  their  reception 
into  their  various  jigs  and  fixtures,  in  the  presses  of  the  cold  trim- 
ming department. 

The  two  trip  hammers  are  used  in  conjunction  with  tool  dressing 
and  general  work.  The  two  blacksmith  forges  near  the  die-sinking 
department  are  used  for  general  work  during  the  day,  and  for  night 
and  overtime  work  when  the  main  shop  is  not  running.  They  are 
blown  from  an  overhead  blower,  motor-driven,  and  are  hung  from  the 
trusses,  their  exhausts  being  taken  out  through  the  roof.  With  the 
exception  of  these  two  fires,  the  use  of  fuel  oil  is  universal  throughout 
the  entire  shop.  This  subject  will  be  further  discussed  later.  Both 
the  forge  and  hardening  departments  should  be  in  general  charge  of 
one  man  whose  office  is  centrally  located  between  them,  but  each  should 
have  a  separate  sub-foreman. 

Layout  of  the  Hardening  Department 

The  general  layout  of  the  hardening  department  is  self-explanatory, 
but  the  details  may  require  explanation.  In  front  of  the  small  open 
fires,  lead  pots,  etc.,  with  45  inches  clear  space,  is  set  a  row  of  brine 
and  whale-oil  tanks,  alternating,  one  of  each  kind  being  sufficient  for 
two  fires. 

These  regular  brine  tanks  are  built  of  2%.inch  Southern  pine,  and 
elliptical  in  shape,  being  30  inches  wide,  4  feet  long,  and  30  inches 
deep,  with  a  capacity  of  120  gallons.    The  brine  is  circulated  through 
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these  tanks,  entering  at  the  bottom  through  a  1^4 -inch  brass  pipe 
controlled  by  a  gate  valve,  and  overflowing  at  the  top  through  a  4-inch 
cast-iron  soil  pipe.  The  required  rate  of  circulation  for  each  tank  to 
keep  the  brine  sufficiently  cool  for  best  results  in  hardening,  Is  50 
gallons  per  minute. 

Centrally  located  in  front  of  the  No.  2  casehardening  furnaces  is  a 
brine  tank  of  the  same  size  as  described  above,  a  vertical  section  of 
which  is  shown  in  Fig.  2.  Brine  is  admitted  through  the  4-inch 
brass  pipe  in  the  center  of  the  tank.  This  pipe  extends  within  6 
inches  of  the  brine  level,  and  is  readily  removable  by  hand,  being 
loosely  screwed  into  the  coupling  at  the  bottom.  The  brine  entering 
through  this  pipe  under  pressure,  forms  a  dome  above  the  main  level, 
which  is  used  for  the  purpose  of  dipping  the  face  of  the  drop-hammer 
dies,  after  which  the  dies  are  reheated  slightly  and  completely  im- 
mersed. By  using  this  method  of  dipping  the  face,  every  corner  and 
crevice  of  the  die  is  struck  at  once,  thereby  preventing  unequal  cooling 


Plff.  2.  Section  of  Brine  Tank 

and  cracking.  As  the  inlet  pipe  is  readily  removable,  the  utility  of 
the  tank  as  applied  to  general  hardening  is  in  no  way  limited.  One 
hundred  and  fifty  gallons  per  minute  should  be  temporarily  available 
for  this  tank.  A  5-inch  cast-iron  soil  pipe  takes  care  of  the  overflow. 
A  4-foot  diameter  whale-oil  tank,  one  regular  brine  tank,  ar.d  a 
portable  fresh  water  tank  complete  the  equipment  required  for  the 
casehardening  furnaces.  These  tanks  are  served  by  a  crane.  The 
portable  fresh  water  tank  is  30  inches  in  diameter  by  30  inches  deep, 
and  when  not  elsewhere  in  use,  is  set  in  a  concrete  depression  in  the 
floor,  4  feet  in  diameter  by  6  inches  deep,  which  is  drained  through 
a  screen  by  a  4-inch  tile  drain.  The  chief  use  of  this  tank  is  for 
water-marking  screws  and  other  small  parts.  The  tank  is  drained  at 
the  bottom  through  a  2-inch  spigot.  A  large  part  ^f  the  black  bone 
used  is  caught  by  the  screen  in  the  depression,  from  which  it  may 
readily  be  shoveled  out.     Even   with   this  precaution,  however,   it  is 
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desirable  that  the  drain  run  with  as  steep  a  pitch  as  possible  direct 
to  a  catch-basin,  both  to  prevent  stoppage  and  to  facilitate  cleaning 
out,  should  stoppage  occur.  The  drain  will  surely  give  trouble  if  laid 
with  many  turns.  On  opposite  sides  of  this  tank  are  lugs  or  hooks 
to  receive  poles  by  which  two  men  carry  the  tank  about  the  job, 
wherever  its  use  is  required. 

In  front  of  the  open  fires  is  a  special  brine  tank  used  for  hardening 
cutters,  reamers,  etc.  A  section  of  this  special  tank  is  shown  in  Fig. 
3.  The  brine  is  admitted  at  the  bottom  through  a  2-inch  brass  inlet 
pipe,  and  spurts  in  through  a  large  number  of  %-inch  holes  drilled  in 
the  12-inch  cast-iron  inner  tank.  The  combined  area  of  these  small 
holes  is  designed  to  be  about  20  per  cent  in  excess  of  the  area  of  the 
inlet  pipe.  A  4-inch  cast-iron  soil  pipe  takes  care  of  the  overflow. 
The  advantage  claimed  for  this  tank  is  that  the  brine  spurting 
through  the  small  holes  on  all  sides  strikes  all  the  teeth  or  flutes  of 
the  cutter  or  reamer  at  the  same  time,  thus  tending  to  prevent 
cracking. 
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Fisr-  3.    Section  of  Special  Brine  Tank 

A  5-inch  by  4-inch  centrifugal  circulating  pump  set  in  the  pit  in  the 
corner  of  the  building,  and  driven  by  a  15-horse-power  motor,  supplies 
the  brine  system.  The  required  pressure  which  must  be  kept  on  this 
system  to  secure  good  efficiency  is  15  pounds  per  square  inch.  The 
pump  is  set  sufficiently  low  to  be  always  primed  from  the  storage  tank 
built  in  the  ground  outside  the  building.  That  the  brine  may  be  kept 
sufficiently  cool  in  the  summer  months,  this  storage  tank  must  have 
a  capacity  equivalent  to  a  fifteen  minutes'  supply  for  the  entire  system 
when  all  tanks  are  in  operation  at  full  capacity.  The  brine  overflow 
from  all  service  tanks  is  returned  by  gravity  to  the  storage  tank 
through  the  drain  shown  in  Fig.  1. 

The  regular  oil  tanks  are  20  inches  in  diameter  by  2  feet  deep  inside, 
but  the  shell  is  made  30  inches  high  to  bring  their  tops  to  the  same 
level  as  the  brine  tanks.  The  cooling  apparatus  consists  of  a  coil 
of  14-inch  brass  pipe  through  which  a  part  of  the  factory  service 
water  is  circulated.  The  large  4-foot  oil  tank  is  of  the  same  depth 
and  is  cooled  through  a  1-inch  brass  coil.  It  is  not  necessary  to  keep 
the  oil  as  cool  as  the  brine.    A  2-inch  by  3-inch  belt-driven  centrif- 
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ugal  pump  supplies  the  circulating  water.  Certain  concerns  cool  their 
oil  by  circulating  it  through  a  series  of  trombone  coils  placed  in  the 
monitor  of  the  hardening  room,  but  the  practice  has  never  appealed 
to  the  writer.  The  expense  necessitated  is  comparatively  great,  the 
oil  malces  hard  work  for  the  pump,  and  the  main  heat  from  the  build- 
ing must  pass  out  around  these  coils  if  so  placed. 

Advantages  of  Fuel  Oil 
Having  in  a  general  way  described  the  equipment  of  each  depart- 
ment, let  us  return  to  the  question  of  fuel.  The  primary  considera- 
tions controlling  the  efficiency  of  such  departments  are  undoubtedly 
the  ease  of  regulation  and  heating  capacity  of  their  fires.  It  is  in  this 
regard,  even  more  than  in  the  reduction  of  fuel  cost,  that  the  greatest 
economy  is  attained  by  the  use  of  fuel  oil.  The  reasons  are  obvious. 
The  blacksmith's  time  may  be  griven  entirely  to  his  work  in  hand, 
since  once  the  valves  are  properly  adjusted  they  require  little  or  no 
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Fig.  4.    Common  Blast  Fonre  Refitted  to  use  Fuel  Oil 

attention  and  an  even  heat  is  assured.  No  labor  is  required  to  bring 
coal  to,  or  take  ashes  from,  the  forge,  and  when  no  work  is  being  done 
no  fuel  is  required.  If  the  flame  is  run  a  little  on  the  yellow,  there 
is  absolutely  no  scale.  The  cleanliness  of  the  flre  renders  it  especially 
adapted  to  such  work  as  welding,  etc.  For  the  departments  under 
discussion,  the  writer  prefers  an  air-pressure  system  to  those  using 
steam,  his  preference  being  chiefly  due  to  the  fact  that  these  depart- 
ments are  generally  somewhat  isolated  from  the  source  of  steam  supply. 
Of  the  air-pressure  systems,  those  using  the  lowest  pressures  con- 
sistent with  best  efficiency  are  evidently  the  most  desirable.  EiZcellent 
systems  are  now  on  the  market  using  from  8  to  16  ounces  pressure. 
These  systems  require,  however,  furnaces  of  rather  special  design,  the 
most  efficient  having  ample  combustion  or  mixing  chambers  in  which 
the  oil  spray  is  combined  with  a  primary  air  supply  and  volatilized 
before  being  admitted  to  the  main  chamber,  where  the  stock  is  to  be 
heated.  In  a  plant  where  the  installation  is  to  be  of  entirely  new 
forges,   a  carefully   selected   system  of  this   type   is   ideal.     In   many 
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cases,  however,  It  may  not  be  thought  desirable  to  entirely  discard 
such  equipment  of  coal-burning  forges  as  may  be  on  hand.  Where 
such  is  the  case,  but  small  outlay  is  required  to  make  the  necessary 
alterations  to  permit  them  being  used  in  conjunction  with  a  moderately 
low-pressure  system.  By  this  the  writer  means  a  pressure  of  about  2 
pounds  per  square  inch,  which  can,  of  course,  be  readily  discharged  by 
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Flff.  6.    Horizontal  Section  of  Refitted  Lead  Pot  Furnace 

the  ordinary  "high-pressure  blower,"  without  requiring  the  installation 
of  an  air  compressor,  which  is  necessary  with  a  system  using  from  15 
to  18  pounds  pressure. 

Refitted  Coal  Forges  and  Furnaces  for  Fuel  Oil 

In  refitting  coal  forges  and  furnaces  to  use  fuel  oil,  it  is  desirable, 
as  far  as  possible,  to  give  the  spray  a  whirling  motion  which  tends  to 
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Fig.  e. 
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Vertical  Section  of  Refitted  Lead  Pot  Furnace 


more  completely  vaporize  the  oil,  and  also  makes  a  much  less  noisy 
fire  than  is  the  case  where  the  oil  strikes  against  fiat  surfaces.  In 
the  latter  case,  where  the  oil  strikes  fiat  against  the  white-hot  tile,  it 
causes  what  appears  to  be  a  series  of  rapid  explosions  sufficiently  loud 
in  a  large  shop  to  be  a  source  of  annoyance. 
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In  Fig.  4  is  shown  a  method  of  refitting  a  common  blast  forge. 
Common  arched  firebrick  and  skewbacks  are  used  and  a  few  special 
tiled  which  may  readily  be  ground  to  form  on  the  common  grindstone. 
Common  red  brick  may  be  used  as  backing.  A  special  casting  is 
required,  the  end  of  which  may  be  made  to  bolt  onto  the  original  side 
castings.  In  very  large  sizes  it  is  sometimes  advisable  to  install  a 
burner  at  each  end  of  the  forge,  which  arrangement  is  very  satisfac- 
tory and  gives  an  intense  heat  at  the  center  of  the  fire  box. 

Figs.  5  and  6  show  horizontal  and  vertical  sections  of  the  common 
form  of  lead  pot  furnace  refitted.  Either  wedge  or  cupola  brick  may 
be  used.  Two  courses  form  the  bottom  tile,  and  forming  the  top  of 
the  mixing  chamber,  is  a  tile  through  which  are  drilled  at  an  angle, 
six  1^-inch  holes.  For  this  operation  a  common  star  drill  may,  with 
care,  be  used.    In  the  top  two  courses,  four  bricks  in  each  are  omitted 


Fi|r.  7.    Longitudinal  Section  of  Refitted  Casehardenlng  Pumaoe 

at  45  degrees  for  vents.    As  before,  the  firebrick  is  backed  up  with 
common  red  brick. 

Figs.  7  and  8  show  cross  and  longitudinal  sections  of  a  refitted  No. 
2  Brown  &  Sharpe  casehardening  furnace.  In  this  case  the  coal  grates 
are  left  in  place  and  simply  paved  with  firebricks  laid  on  their  sides. 
A  3-inch  fire  tile,  ground  to  the  form  shown,  is  centrally  located  In  the 
firebox  to  act  as  a  baflBe.  If  the  furnace  is  to  be  set  up  new  for  the  use 
of  fuel  oil,  it  is  desirable  that  the  bridge  wall  be  sloped  as  shown,  to 
leave  an  opening  at  the  back  of  2  inches  over  the  wall,  and  4  inches 
at  the  front.  The  reason  for  this  construction  is  to  counteract  the 
tendency  of  the  heat  to  drive  to  the  back  of  the  oven.  This  tendency 
exists,  but  is  not  marked,  and  in  cases  where  the  furnace  is  already 
set  up  it  hardly  pays  to  rebuild  the  bridge  wall.  A  special  fire  door 
casting,  designed  to  take  the  burner,  must  take  the  place  of  the  former 
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vertical  sliding  door.    These  few  examples  will  give  a  general  idea  of 
the  changes  necessary  to  remodel  an  installation  of  coal  fires. 

Arrangement  of  Piping 

In  the  two  departments  under  discussion,  the  oil  is  supplied  to  all 
furnaces  through  a  1^/4 -inch  wrought-iron  main,  making  a  complete 
closed  loop  around  each  department  in  order  to  keep  the  pressure 
even.  A  1-inch  steam  pipe  must  be  laid  with  it  to  keep  the  oil  from 
congealing  in  cold  weather.  These  two  pipes  should  be  laid  preferably 
in  the  ground  itself  and  not  in  a  trench,  and  should  never  be  laid 
above  the  floor,  the  reason  being  that  the  gases  from  all  petroleum 
distillates  are  heavier  than  air,  and  will  run  to  the  low  parts  of  the 
floor  or  the  trench.  These  gases,  though  not  themselves  explosive,  may 
become  so  if  conflned  with  a  large  proportion  of  air. 


Fiir  8-    Crosa-aectlon  of  Refitted  Oaeehardenlnff  Furnace 

The  air  piping  should  preferably  be  suspended  overhead  with  outlets 
looking  down  into  the  risers  from  the  oil  mains.  The  speed  of  the 
air  in  these  pipes  should  not  exceed  15  feet  per  secona  in  the  first 
installation,  which  will  permit  of  about  30  per  cent  increase,  due  to 
growth,  without  the  speed  becoming  excessive.  A  rule-of-thumb  meas- 
urement sometimes  used  is  that  the  area  of  the  air  pipe  shall  equal 
six  times  the  area  of  the  jet,  but  the  foregoing  method  is  much  the 
safer  one  for  computation.  To  facilitate  calculations,  the  following 
notes  may  prove  of  interest: 

At  2  pounds  pressure  there  will  be  required  at  the  blower,  roughly, 
about  1,000  cubic  feet  of  free  air  per  minute  per  gallon  of  oil  burned. 

Blast  forges  bum  per  day  of  ten  hours  approximately  0.15  gallon 
of  oil  per  square  inch  of  horizontal  area  of  firebox. 

Open  fires  for  hardening,  as  above,  0.025  gallon. 
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Lead  pots,  oil  tempering,  casehardening  and  annealing  furnaces,  0.05 
gallon. 

About  10  H.  P.  is  required  to  transmit  1,000  cubic  feet  free  air 
against  2  pounds  pressure. 

From  the  foregoing,  a  close  estimate  of  the  size  of  the  rcKjuired 
blower  and  the  horsepower  required  to  drive  it  may  be  obtained. 
Included  in  this  estimate  must  be  a  figure  on  the  amount  of  air 
required  to  blow  the  drop-hammer  dies.  The  blow-pipes  required  are 
one  1^-inch  pipe  with  flattened  nozzle  for  each  small  drop-  and  trip- 
hammer, and  two  of  the  same  size  for  the  larger  drop-hammers.  As 
the  use  of  these  blow-pipes  is  rather  intermittent,  this  figure  is  gener- 
ally in  the  nature  of  an  off-hand  estimate,  based  en  the  judgment  of 
the  engineer. 
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CHAPTER  II 


DROP  AND  STAMPED  PORGINaS* 

The  employment  of  drop  forgings  and  stampings  increases  constantly 
and  rapidly.  Several  firms  are  now  equipped  wholly  for  this  class  of 
work,  and  supply  enormous  numbers  of  forgings  to  the  metal  working 
trades.  Drop  forgings  or  stampings  bear  the  same  relation  to  the 
work  of  the  blacksmith  shop  that  machine-molded  castings  bear  to 
that  of  the  foundry.  In  each  case  the  skilled  labor  of  the  craftsman  is 
dispensed  with,  yet  good  .wages  are  earned  by  men  working  by  the 
piece.  In  each  case  the  cheaper  product  has  the  advantage  of  much 
greater  accuracy,  and  uniformity  in  shapes  and  dimensions.  The 
numbers  turned  out  from  the  dies  or  stamps,  as  from  the  molding 
machines,  are  often  twenty  or  thirty  times  as  great  as  those  which 
can  be  produced  by  hand  by  skilled  men.  In  each  case,  too,  the  ques- 
tion of  machining  is  often  inseparable  from  that  of  the  methods  of 
production  adopted,  because  accuracy  of  shape  and  uniformity  of 
dimensions  in  forgings  and  castings  alike  are  favorable  to  the  most 
economical  machining,  since  allowances  which  are  either  insufficient  or 
excessive  for  the  machines  are  equally  undesirable  and  troublesome. 
The  smith  working  at  the  anvil,  even  with  the  aids  aflPorded  by 
templets  and  gages,  Is  unable  to  produce  two  pieces,  to  say  nothing 
of  twenty  intricate  and  elaborate  pieces,  absolutely  alike,  unless  at  an 
enormous  expenditure  of  time.  It  is  cheaper  therefore,  and  is  the 
practice  to  *ieave  plenty  on"  to  insure  that  the  work  shall  "finish"  all 
over  when  machined,  otherwise  the  final  corrections  would  occupy 
much  more  time  than  the  actual  formative  work  of  the  forging.  But 
forgings  which  are  stamped,  all  come  out  exactly  alike  from  the  dies, 
without  any  extra  care  or  time  spent  on  the  part  of  the  workman. 

The  accuracy  of  stampings,  however,  is  further  advantageous  In  the 
fact  that  a  considerable  amount  of  machining  is  often  avoided  alto- 
gether. The  smooth,  glossy,  polished  and  accurate  surfaces  left  from 
the  dies  are  often  good  enough  for  handles,  levers,  webs,  and  bossed 
parts.  Or,  If  they  are  required  to  be  bright  for  good  appearance,  then 
a  polished  surface  Imparted  by  an  emery  wheel  and  buft  are  sufficient, 
without  any  machining  In  the  lathe,  shaper,  or  milling  machine. 
Punched  holes  may  be  simply  lapped.  Instead  of  being  drilled  and 
reamed,  the  locations  of  the  holes  being  fixed  with  accuracy  by  the 
dies. 

Development  of  Stamping  Processes 

The  history  of  die  stamping  goes  back  fifty  years  or  more  in  the 
Black  Ck)untry,  and  Birmingham  district,  England.    In  the  blacksmith 


*  Machinery,  May,  1908. 
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shops  a  limited  amount  of  work  in  dies  had  been  done  previously  for 
as  long  a  period,  but  only,  or  chiefly,  as  a  device  for  imparting  a  final 
finish  to  work  which  had  been  already  prepared  and  nearly  completed 
at  the  anvil.  This  practice  arose  from  the  fact  that  only  in  this  way 
was  uniformity  in  a  number  of  similar  forgings  economically  possible. 
Such  uniformity  could  only  be  produced  on  the  anvil  with  fiatters  and 


Fig.  0.    Die  Used  tor  Correcting  or  Finishing  Levers 

swages,  at  the  sacrifice  of  much  time  and  labor.  Hence,  long  before 
the  practice  of  producing  forgings  by  stamping  existed  in  the  black- 
smith shops,  the  practice  had  grown  of  correcting  and  finishing.  a,nvih 
made  forgings  in  dies  under  the  power  hammer.  The  dies  were  often 
of  a  sectional  form,  as  they  are  still  to-day  when  heavy  forgings  are 
in  question.     Thus,  a  die  or  pair  of  dies  would  include  a  boss  only, 


mji 
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FlgB.  10  and  11. 


Otiier  Examples  of  Dies  Used  fbr  Finishing,  but  not  for 
Rouifh  Forglnir,  Bossed  Levers 


on  a  lever.  Figs.  9,  10  and  11,  the  lever  ends  standing  out  beyond  the 
dies;  or  a  die  would  be  used  to  punch  a  hole,  and  correct  the  boss  at 
the  same  time,  BMg.  12.  Lever  ends,  either  forked  or  solid,  are  suitable 
objects  for  finishing  in  this  way.  So  are  the  ends  of  connecting-rods. 
Fig.  13,  the  eyes  of  the  tie  rods,  and  the  bridles  or  loops  of  slide 
valves.    In  the  old  practice,  as  to  a  large  extent  now,  these  were  made 


Digitized  by  CjOOQ iC 


DROP  I'ORGINCS 


15 


of  wrought  iron,  bent,  and  welded.  These  operations  were  done  at  the 
anvil,  and  the  correction  and  finish  done  at  another  heat  in  the  dies. 
These  dies  were,  and  are,  made  of  cast  iron  from  a  pattern.  Later, 
cast  steel  has  been  often  used  with  a  view  either  to  increase  the 
strength,  or  to  lessen  the  weight. 

Even  on  the  anvil,  in  little  shops  where  there  was  not  as  yet  a  steam 
hammer,  the  old  Oliver-hammer  was  utilized  in  finishing  the  heads  of 
bolts  in  dies,  and  the  writer  remembers  seeing  these  in  operation. 
And  on  the  anvil,  little  devices  were  rigged  up  for  finishing  bosses, 
and  punching  holes,  the  type  of  which  was  the  spring  swage,  Fig.  14, 


rtiL 


Fig.  12.    Die  a«e<l  for  Punching  Hole  through 
Boss.  Correcting  Shape  of  Boa*  at  gtaune  Time 


Fig.  13.    Die  for  Finishing  the  End  of 
a  Connecting  Rod 


the  jaws  of  which  were  fashioned  independently  of  aid  from  the  ma- 
chine shop,  by  a  process  of  typing,  or  hubhing,  from  a  dummy,  or  a 
duplicate  forging.  Very  many  simple  forms  can  be  and  are  done  in  this 
way  still  as  a  legitimate  and  suitable  method.  Light  swages  are  used 
on  the  anvil,  just  as  the  heavier  ones  are  operated  under  the  steam  or 
drop-hammer. 

The  sectional  dies  are  used  very  extensively  now  in  the  blacksmith 
shop  for  the  purpose  of  final  correction  and  finishing  only.  But  along 
with  the  use  of  these,  there  has  grown  the  practice  of  stamping  wholly, 
either  as  a  sub-department  of  the  shop,  or  carried  on  in  a  distinct 
shop.  Generally,  however,  the  merely  corrective  dies  are  used  for  the 
heavier  forgings,  and  the  regular  stamps  for  the  smaller  class,  as  in 
Pigs.  15  to  18.    To  make  the  larger  forgings  entirely  by  stamping 
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operations  would  often  require  heavier  hammers  and  appliances  than 
most  shops  are  equipped  with,  and  the  numbers  wanted  of  the  large 
forgings  might  not  be  sufficient  to  render  heavier  installation  remu- 
nerative.   But  a  heavy  forging  may  be  corrected  in  dies  when  it  would 


111  L 
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Fig.  14.    Device  fbt*  Shaplnir  Bosaea  on  W'ork,  made  on  the  Principle  of 
the  Spring  Swa^e 

not  be  practicable  to  produce  it  entirely  from  a  rude  lump.  Among 
work  of  this  kind  may  be  instanced  large  tie-rod  eyes,  large  bossed 
leversi  Figs.  9  and  10,  rings,  cranks,  and  such  like.  Some  of  these 
are  too  long  to  be  embraced  wholly  in  a  single  die.    A  long  two-  or 


piir- 16. 


Example  of  Forains-  Die  Formingr  Center  Holes  in  the 
Bosses  of  the  Work 


three-bossed  lever,  for  example,  is  then  corrected  only  on  its  bosses,  and 
for  an  inch  or  two  away  therefrom.  A  pillar  for  a  handrailing  would 
have  its  bossed  portions  corrected  separately,  and  the  body  corrected 
by  swaging  at  the  anvil,  or  in  other  dies. 
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Materials  Used  for  Dies 
The  number  of  similar  forgings  required  is  often  insufficient  to 
justify  a  large  outlay  for  cut  steel  dies.  But  dies  made  in  cast  iron 
are  not  costly,  and  therefore  they  are  frequently  made  when  only 
half  a  dozen  or  a  dozen  of  similar  articles  are  required.  They  may, 
of  course,  be  kept  for  future  use,  and  should  be,  when  a  job  is  likely  to 
be  repeated,  but,  apart  from  that,  a  very  small  number  of  forgings 
will  pay  the  cost  of  cast  dies. 
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Tig.  16.    Type  of  Die  Forming 
the  Bnd  of  a  Ball  Crank 


Pig.  17. 


Forglny  Made  In  Dies 
from  a  Bar 


The  growth  of  stamping  has  been  gradual  and  natural.  The  mere 
fact  of  having  cast  dies  lying  by  from  previous  jobs  has  been  the 
cause  of  their  utilization  for  pieces  of  work  which  might  not  other- 
wise have  been  thought  to  justify  the  expense  of  new  dies.  But  being 
in  stock,  slight  and  unimportant  alterations  in  some  dimensions  in  new 
jobs  would  often  render  the  dies  available.     In  this  way  the  begin- 
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Fig.  18.    Die*  for  a  Lever  with 
Htibe  at  Both  Bnda 


Flff.  le.  Dies  for 
Fonringr  an  Eye 
Bolt 


ir««A<M«rv.  jv.r. 

Flff.  20.  Dies  for 
Flniehlng  the 
Bye  Bolt 


Dings  of  Standardization  arose.  For  as  the  dies  began  to  accumulate, 
one  pair  or  set  was  made  to  do  duty  for  work  for  which  it  was  not 
originally  intended.  Thus,  the  difference  of  half  a  ton  or  a  ton  of 
crane  power  was  not  allowed  to  involve  the  making  of  minute  dif- 
ferences in  the  forged- work  for  the  cranes,  but  one  standard  set  was 
used  for  both.  So  in  engine  and  pump  work  the  same  standard  sets 
came  to  be  used  for  powers  and  sizes  of  mechanisms  that  were  not 
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very  dissimilar,  and  when  a  difference  of  %  inch,  or  so,  in  dimensions 
could  make  no  possible  difference  in  the  proper  operation  or  strength 
of  the  forged  details. 

Principles  of  Drop  Forginflr  and  Stampinflr 
Comparatively  few  articles  can  be  produced  in  one  pair  of  dies,  and 
those  are  chiefly  circular  forms,  the  diameters  of  which  at  different 
sections  do  not  vary  greatly.  If  they  do  vary,  some  preliminary  reduc- 
tion or  "breaking  down"  is  necessary.  And  if  a  portion  of  the  article 
takes  the  form  of  an  eye,  or  a  boss,  three  or  four  successive  operations 
may  be  necessary  to  produce  the  forging,  as  in  the  eye-bolt  produced 
in  Figs.  19  and  20.  The  die-maker  has  then  to  settle  how  the  work 
shall  be  done,  whether  in  one  or  more  pairs  of  dies,  and  whether 


Fig.  21.    Stripptnff  Die  for  Removing  Pin  Produced  by  Porsing  Process, 
and  Work  for  which  it  Is  Used 

under  one  hammer  or  two.  As  a  rule,  to  which  there  are  exceptions, 
it  is  desirable  to  do  all  the  work  at  a  single  heat.  Then,  if  several 
operations  are  required,  they  must  be  done  either  in  one  set  of  dies, 
or  in  separate  dies.  For  small  forgings  it  is  easy  to  get  three  or  four 
recesses  in  one  pair  of  dies,  for  roughing  down,  for  formation,  and  for 
cutting  off,  or  nicking  for  breaking  off.  In  larger  pieces  it  is  neces- 
sary to  have  two  hammers  adjacent,  so  that  the  .stamper  can  use  them 
both  without  walking  away  from  either.  But  a  few  hammers  are  made 
double  headed,  with  two  anvils,  and  tups  to  facilitate  such  work. 
When  two  heats  are  necessary,  then  it  may  be  convenient  to  perform 
the  earlier  operations  on  a  large  number  of  similar  pieces,  and  then 
change   the   dies   for   the   subsequent   work.    This,    perhaps,   is   more 
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often  done  in  the  regular  machine  shops  than  in  the  drop  forging 
works,  in  which  the  work  is  divided  between  two  adjacent  hammers. 
Though  the  smith  working  at  the  anvil  endeavors  to  gage  by  a  very 
rough  mental  estimation  the  amount  of  material  which  is  required 
for  a  forging,  in  order  to  lessen  labor,  the  stamper  may  be  compara- 
tively indifferent  to  that  consideration.  He  will  not,  of  course,  have 
much  excess  of  metal  if  it  can  be  avoided,  yet  he  is  much  in  the  same 
position  as  the  anvil  smith  who  has  a  steam  or  drop-hammer  avail- 
able adjacent  to  the  anvil.  The  power  hammer  is  often  resorted  to 
for  roughing  down  an  odd  lump  quickly,  in  place  of  taking  a  smaller 
section,  which  would  involve  the  alternative  of  upsetting,  or  of  weld- 
ing. The  shapeless  lump  is  simply  roughed  down  rapidly  in  far  less 
time  than  would  be  occupied  in  fullering  on  the  anvil,  or  in  perform- 
ing the  alternative  operations  of  upsetting,  or  welding.  In  this  way, 
too,  very  many  odds  and  ends,  cropped  from  iron  or  steel  bais,  are 
utilized,  which  would  otherwise  go  to  swell  the  scrap  heap. 
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Flffs.  22  and  23.    Dies  Provided  with  Space  fbr  Receiving  the  Fin 

The  case  of  stamping  is  analogous.  Though  forgings  having  con- 
siderable difference  in  cross-sectional  areas,  are,  as  a  general  rule, 
broken  down  in  one  or  more  operations,  preliminary  to  finishing,  yet 
a  great  deal  of  work  is  done  without  this  step-by-step  process.  A 
cubical  lump  is  taken  and  put  into  the  dies  and  reduced.  A  large 
amount  of  fin  being  squeezed  out  in  the  process,  this  is  removed  in  an 
adjacent  stripping  die,  Fig.  21,  and  the  forging  put  back,  and  finished 
in  the  first,  or  in  another,  recess,  followed  sometimes  by  a  final  strip- 
ping. This  heavy  reduction  is  only  possible,  first,  because  the  lump 
is  raised  to  a  high  temperature,  and  second,  because  the  mechanical 
work  done  on  it  maintains  the  heat  until  the  reduction  is  completed. 
At  the  anvil,  two  or  three  heats  would  often  be  required  to  accom- 
plish the  same  amount  of  work  which  is  done  in  one  heat  in  dies. 

Removal  of  Fin  Produced  in  Drop  Forging 

The  formation  -of  fin,  it  will  be  noted,  is  peculiar  to  stamping;   it 

does  not  occur  in  anvil  work.    Sometimes  dies  are  cut  like  Figs.  22 

and  23  to  receive  the  fin.    In  Fig.  22,  a  wide  and  shallow  groove  is  cut 

all  around  the  recess  to  receive  the  fin.    In  Fig.  23.  the  faces  are  sloped 
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away  with  the  same  object.  Work  which  is  of  cylindrical  form  does 
not  necessarily  involve  the  formation  of  permanent  fin,  because  It 
can  be  rotated,  as  the  reduction  is  going  on,  and  such  excess  of  metal 
which  is  squeezed  out  laterally  is  removed  at  once  when  a  partial 
rotation  is  given  to  the  piece,  as  in  Figs.  24  and  25.  In  Fig.  24  the 
fin  Is  shown  squeezed  out;  in  Fig.  25  it  is  being  driven  into  the  forging 


Fl  jTS.  24  and  25.    Showing  how  Pin  Produced  on  Round 
Work  Is  forged  Into  the  Bar  by  Rotating  It 


JfocMMry.Mr. 

Fig.  26.    Die  with  Rounded 
Bdges  to  Receive  Fin 


again.  Such  being  the  case.  Fig.  26  is  the  shape  given  to  circular  dies 
In  cases  where  the  circular  form  is  not  hampered  by  the  proximity 
of  shapes  which  would  interfere  with  rotation.  When  the  work  can 
be  rotated,  the  result  is  a  fine,  smooth,  polished  surface,  which  in  many 
classes  of  work  renders  any  subsequent  machining  unnecessary,  or,  if 
finish  is  essential,  a  little  grinding  may  suffice.     In  some  forgings  a 


Fig.  27.    Dies  for  Crane  Hook 


Fig.  28.    Fork  Lever  and  Wroug^t-tron  Bar 
fVom  which  It  Is  made 


portion  only,  a  stem  or  shank,  can  be  so  treated,  the  remainder  con- 
sisting of  an  eye,  or  a  flattened  portion,  or  a  square  shape. 

Difference  between  Treatment  of  Steel  and  Wrouflrht  Iron 

In  the  blacksmith  shop,  wrought  Iron  is  still  used  as  extensively 

as  steel  for  common  forgings.    But  many  forms  when  made  of  wrought 

iron  must  not  be  stamped  from  a  solid  lump  because  of  the  loss  of 

strength  which  occurs  across  the  grain.    Large  thin  rings  and  curves 
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of  light  section  should  always  be  bent.  But  If  these  are  made  of  steel, 
no  such  reason  exists,  because  steel  has  practically  no  difference  in 
strength  with  or  across  the  direction  of  rolling.  The  partial  substitu- 
tion of  steel  for  wrought  iron  has  therefore  been  favorable  to  the 
development  of  stamping.    Many  jobs  are  now  stamped  from  a  solid 
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Plff.  29.    Dies  for  a  Circular  Looae  Hub 


FlflT-  SO.    Punching  fb  SmaU  Hole 
through  the  Work  in  the  Dies 


bar,  or  lump  of  steel,  which  were  formerly  made  from  wrought  iron 
by  bending  and  welding.  Hence,  while  wrought  iron  is  still  exten- 
sively used  for  anvil-made  forgings,  steel  is  employed  much  more  for 
stampings.  The  crane  hook.  Fig.  27,  when  made  of  wrought  iron,  is 
always  bent  from  the  bar  before  being  finished  in  the  dies.    Made  from 
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Fig.  81.    Dies  for  Punching  Holes  through 
Bosses 
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Pig.  32.    Holes  Punched  by  Punches 
Integral  with  Die 


Fig.  83.    Method  of  Forging  the 
Slots  in  OoUets 


fteel,  it  is  stamped  from  a  solid  lump.  For  the  forked  end,  Fig.  28, 
if  made  of  wrought  iron,  a  bar  is  split,  and  opened  out,  and  bent  over 
a  form,  and  finished  in  dies.  When  made  of  steel,  it  may  be  stamped 
from  a  solid  mass.  The  flange.  Fig.  29,  is  stamped  in  steel  from  a  solid 
chunk,  handled  by  a  porter  bar  temporarily. 
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Work  with  Holes  Forflred  tbrouflrh  it 
The  old  method  of  punching  holes  is  that  shown  in  Fig.  12,  in  which 
the  punch  is  guided  by  a  plate  doweled  on  the  body  of  the  die.  This 
is  suitable  for  large  holes.  Frequently,  for  small  holes,  the  punch  is 
separate,  and  driven  through  a  hole  in  an  upper  die  as  in  Fig.  30;  in 
Fig.  31,  a  hole  without  its  punch  is  shown.  But  punches  are  also 
often  included  solidly  in  the  die,  as  in  Fig.  34,  half  in  top,  and  half  in 
bottom,  and  not  quite  meeting  at  the  center.  In  a  shallow  boss  the 
punch  may  be  in  one  half  of  the  die  only,  as  for  a  forging  like  Fig.  32. 
The  metal  becomes  squeezed  into  the  boss,  and  is  improved  by  con- 
solidation. Often,  when  holes  are  left  to  be  drilled,  the  centers  are 
stamped  by  small  conical  projections  in  the  dies  which  serve  as  accu- 
rate guides  for  the  driller.  Sometimes  holes  are  punched  only  through 
a  portion  of  the  metal.  Fig.  33,  when  the  central  part  has  to  be  bored 
out  subsequently,  as  indicated  by  the  dotted  lines. 

Methods  of  ApplsrinflT  Impact  or  Pressure  on  Dies 
Formerly  all  die  work  was  done  with  hammer  blows.    As  the  de- 
mand grew  for  an  extension  of  the  system  to  heavier  forgings,  and  to 


Fl|r-  34.    Oonstructloti  of  Die  for  Forglofr  a  Hole  through  a  Boss 

articles  involving  the  bending  of  plates  and  sheets,  the  steam  and  drop- 
hammers  were  not  able  to  deal  so  well  with  these.  The  demand  was 
met  by  the  presses,  which  are  actuated  by  hydraulic  power  or  by 
gears,  cranks,  and  toggle  levers.  These  will  easily  deal  with  dies 
and  articles  several  feet  in  length,  many  of  which  are  too  intricate 
to  be  dealt  with  by  hammers,  even  if  their  dimensions  did  not  set  a 
limit  to  such  treatment.  They  are  practicable  on  the  hydraulic  presses, 
because  two  rams  can  be  utilized,  one  acting  in  the  vertical,  the  other 
in  the  horizontal  direction,  so  working  at  right  angles  with  each  other. 
This  is  utilized  for  bending,  welding,  and  punching,  for  closing  up 
joints,  for  dealing  with  undercut  designs,  and  with  hollow  spaces 
formed  by  bending  and  welding,  or  by  stamping.  Typical  of  much  work 
of  this  class  is  the  die  and  punch  used  for  stamping  the  rings  for 
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uptakes  of  vertical  boilers  and  the  man-hole  and  mud-hole  seatings 
for  boilers.  Fig.  35,  from  a  plain  piece  of  steel  plate.  Fig.  36  shows  the 
dies  for  forging  a  crank  by  pressure.  A  large  amount  of  work  of  this 
kind  is  done  in  the  railway  car  shops. 

Stamped  forgings  thus  diverge  into  two  great  groups,  according  as 
they  are  produced  by  hammer  blows,  or  by  gradual  pressure.  Broadly, 
the  first  group  includes  articles  of  small  and  medium  dimensions,  the 
latter  those  of  a  massive  character,  and  all  large  work  done  in  plates. 
This  is  now  a  generally  accepted  division,  and  one  which  harmonizes 
with  the  difference  in  hammer  blows  delivered  *on  comparatively  small 
masses,  and  of  pressure  on  thicker  bodies.  Where  mass  is  the  condi- 
tion present,  slow  pressure  is  more  penetrating  than  impact,  just  as 
it  is   in    large   shafts   and   forgings.     Moreover,    the   blows   delivered 


F\^.  86.    Die  Used  for  Forgln^r  ^^^  Bending  Man-hole  Seatings 

from  a  very  heavy  hammer  are  destructive  to  dies,  and  if  these  are 
made  massive  enough  to  withstand  these  blows,  then  they  are  too 
heavy  for  convenient  handling.  Massive  dies  are,  of  course,  required  to 
resist  pressure,  but  that  is  not  nearly  so  destructive  as  the  violent, 
incessant  jarring  action  of  a  hammer. 

Methods  Used  for  Making  Dies 

The  stamps  or  dies  used  are  as  varied  in  their  details  and  cost  as 
the  forgings  themselves  are.  A  great  advantage  of  stamping  dies  is, 
that  like  machine  molding,  they  are  as  readily  adaptable  to  the  de- 
mands for  a  very  few  identical  articles,  say  ten  or  a  dozen,  as  to  hun- 
dreds or  thousands.  But  the  amount  of  work  put  into  the  dies,  and 
the  patterns  and  the  materials  used  for  them  have  to  bear  a  definite 
relation  to  the  number  of  pieces  required.    Hence,  we  have  at  extremes. 


Digitized  by  CjOOQ iC 


24 


No.  43— DROP  FORGhXaS 


dies  of  cast  iron  made  cheaply,  and  those  of  mild  steel  cut  out  with 
care  and  hardened.  Except  in  name  and  function,  the  examples  at 
each  extreme  have  little  in  common.  They  are  not  made  in  the  same 
way,  and  the  periods  of  their  service  are  much  less  in  the  first  than 
in  the  second  case. 

The  cast  dies  are  molded  from  suitable  patterns.  They  may  have 
to  be  cleaned  up  a  little  by  the  machinist  As  they  are  liable  to  frac- 
ture, unless  made  very  massive,  they  are  frequently  encircled  with 
bands  of  wrought  iron,  shrunk  on,  as  in  Figs.  9  and  12.  They  are, 
when  small,  lifted  with  circular  tongs,  Fig.  37,  or  by  the  hands,  but 
larger  dies  have  handles  cast  in  for  lifting  them.  Fig.  35.  Or,  alter- 
natively, holes  are  cast  for  the  insertion  of  rods  for  the  same  purpose. 
Some  cast  dies  will  endure  long  service,  others  fracture  soon.  Dies  of 
cast  steel  are  stronger,  but  are  more  liable  to  inaccuracy. 
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Fig.  36.    Die  for  Forgintf  crank 


Flff.  37.  Tongs  for  Holding  Dies,  and 
Cutters  for  Nloktng  the  Stock,  Fitted 
at  tbe  Bnd  of  Dies 


Dies  of  forged  steel  are  marked  out  on  their  faces,  and  recessed 
by  various  machine  tools,  and  by  hand  work.  All  the  aids  afforded  by 
machine  tools  are  .utilized,  as  boring,  slotting,  milling,  and  shaping. 
But  often  very  much  is  left  for  the  chisel  and  file  to  complete.  There 
are  several  special  machines  designed,  wholly  or  chiefly  for  the  use  of 
die  sinkers,  but  much  can  be  done  by  the  ordinary  tools  in  the  shops. 
Templets  are  used  to  check  the  progress  of  the  work,  including  those 
of  sheet  metal  for  local  sections,  and  those  which  represent  the  actual 
forgings  which  have  to  be  stamped.  These  are  made  of  lead,  or  tin, 
or  a  first  sample  forging  is  prepared.  Contact  is  insured  by  the 
transference  of  red  lead  from  the  templet  to  the  recesses  which  are 
being  cut. 

Reference  has  been  made  to  the  typing  or  hubbing  process.  It  bears 
an  essential  resemblance  to  the  operation  of  stamping  medals  and 
coins  by  a  hard  blow.  Only  the  operation  is  reversed,  the  die  itself 
being  produced  by  stamping  it,  while  white-hot,  from  a  cold  forging. 
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It  has  the  advantage  of  being  cheaper  than  cutting  dies,  and  in  circular 
outlines  is  accurate  enough,  but  is  not  well  adapted  for  intricate 
shapes.  The  spring  swages  aie  frequently  made  in  this  way.  In 
obtaining  circular  shapes  thus,  the  hub  or  type  is  rotated  between  each 
successive  blow,  so  correcting  any  inaccuracies  that  might  form.  The 
edges  are  of  necessity  produced  with  a  slight  convexity,  Fig.  26.  But 
this  is  an  advantage  in  producing  circular  forgings  which  are  ro- 
tated in  the  dies.  It  is  not  necessary  to  have  complete  circles  in  such 
a  case,  because  metal  squeezed  out  laterally,  and  what  would  soon  form 
a  fin,  becomes  obliterated  by  the  next  blow  when  the  rotation  info  a 
new  position  takes  place. 

In  one  of  the  illustrations.  Fig.  11,  dowels  are  shown,  which  are 
inserted  to  serve  as  guides  to  secure  the  alignment  of  top  and  bottom 
dies.  These  are  only  used  when  the  dies  are  not  attached  in  any  way 
to  the  anvil  below,  and  tup  above,  as  is  often,  the  practice  in  heavy 
dies.  But  generally  the  dies  are  secured  by  dovetails  and  keys,  as  in 
Fig.  13.  In  some  cases  locating  screws  are  used  on  the  anvil  for  dies 
cut  at  the  comers,  like  Figs.  21  and  27,  and  the  dovetail  is  only  on  the 
tup.    The  locating  screws  permit  of  making  slight  adjustments. 

Forgings  are  often  included  in  their  dies,  and  are  knocked  out 
by  a  kicker  device,  or  are  pried  out,  or  pushed  out.  Often  a  porter 
bar  is  used,  generally  the  plain  length  of  the  bar  from  which  the  forg- 
ings are  being  stamped,  as  in  Figs.  15  and  17.  Then  the  forging  is 
easily  nicked  off  by  reducing  at  the  neck  as  shown,  or  a  pair  of  cutters 
is  fitted  at  the  end  of  the  dies,  as  in  the  lower  part  of  Fig.  37. 

The  foregoing  is  an  outline  of  the  methods  of  drop  forging  in  use, 
from  which  it  is  seen  that  the  practice  is  divisible  into  three  great 
groups:  that  done  under  hammers,  and  that  in  presses,  and  a  further 
subdivision  between  the  methods  of  the  general  shops,  and  the  drop 
forgers  who  work  for  the  trade. 


Digitized  by  CjOOQ IC 


CHAPTER  III 


MAKING  DROP  FORGING  DIBS* 

Drop  forging  dies  are  made  of  0.45  to  0.60  carbon  steei,  and  are, 
usually,  from  5  to  8  inches  thick.  At  A,  Fig.  38,  is  given  a  general 
idea  of  their  appearance  when  finished.  The  dies  are  marked  T  and  B 
(top  and  bottom)  to  prevent  their  getting  mixed  in  the  laying  out. 
The  front  and  left-hand  sides  are  squared  up,  and  from  these  sides 
the  center  lines  of  the  impressions  are  laid  out  and  the  dies  set  up 
when  ready  for  use.  The  edger,  or  breaking  down  impression,  is  on  the 
right-hand  side  of  tha  die.  It  is  used  for  breaking  down  the  rough 
heated  stock  into  something  like  the  shape  required,  before  it  goes 
into  the  finishing  die.  The  heaviest  part  of  the  forging  is  always 
nearest  the  front  In  deep  dies,  shapes  which  show  parallel  sides  on 
the  drawing  are  given  from  5  to  7  degrees  taper  on  each  side,  to  pre- 
vent the  forging  from  sticking  in  the  die.  For  machining  the  forging 
1/32  inch  is  usually  allowed,  and  for  shrinkage  0.012  to  0.015  per  inch. 
When  the  dies  are  finished,  a  specimen  casting  of  lead  is  made  in 
them  for  ascertaining  whether  or  not  they  will  give  the  desired  result. 

The  round  portion  of  the  impression  is  sunk  first.  Swinging  the  die 
blank  in  a  lathe,  when  there  is  much  stock  to  remove,  is  a  convenient 
method.  In  some  shops  a  cast-iron  bolster  for  the  lathe  face-plates 
is  used.  This  bolster  has  a  web  on  its  back,  which  fits  the  slot  in  the 
face-plate.  The  face  of  the  bolster  has  a  dove-tail  slot,  which  is  identical 
with  those  in  the  hammer,  and  is  at  right  angles  to  the  web  on  the  back. 
By  this  means  a  circle  is  quickly  trued  up.  When  the  round  portion 
is  under  I14  inch  in  diameter,  a  profiling  machine  is  better  adapted 
for  the  work,  using  the  half-round  cutter  shown  at  C,  Fig.  38,  to  finish 
with,  after  roughing  out  the  stock  with  a  two-lipped  cutter  similar  to 
that  shown  at  D.  The  half-round  cutter  is  very  useful,  being  strong^ 
easily  made,  and  is  easily  ground  by  hand.  The  one  illustrated  at  C 
leaves  a  point  in  the  center  of  the  impression  for  spotting  the  center 
of  the  boss  on  the  forging. 

A  die  for  forging  a  ball  is  sunk  with  a  two-lipped  spherical  cutter. 
If  there  is  to  be  a  large  hole  drilled  in  the  forging,  a  plug  is  left,  when 
sinking,  or  Is  afterward  inserted  in  the  die  to  lighten  the  forging  at 
that  point,  and  is  shown  at  E.  This  plug  should  have  a  taper  of  15 
degrees  on  each  side,  and  the  top  well  rounded.  In  making  the  dies 
for  forging  the  piece  illustrated  at  E,  the  round  portion  F  can  be  ma- 
chined out  after  the  part  H  is  sunk.  This  may  be  done  with  a  spherical 
cutter.  A  special  attachment  for  the  die-sinker  may  be  used,  by  means 
of  which  a  cutter  can  be  sunk  to  its  center  in  the  work.  The  cutter 
is  held  in  the  fixture  on  a  short  arbor  between  half-round  centers, 
around  which  the  cutter  is  rotated  by  means  of  a  rawhide  gear.     The 
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teeth  of  the  gear  engage  the  back  of  the  teeth  of  the  cutter.  This  is 
only  U8^€l  for  finishing.  Parts  K  could  be  done  with  this  device.  It 
saves  time,  makes  an  accurate,  clean  Job  and  does  work  that  would  have 
to  be  typed  out,  i.e.,  sunk  by  hand.  Some  circular  impressions  are  sunk 
in  the  milling  machine,  using  one  long  half-center,  and  a  forming  cutter 
with  a  smaH  shank,  a  groove  being  first  cut  to  clear  the  shank. 

The  parts  K  would,  however,  have  to  be  typed  in  most  shops.  A 
type  Is  a  hardened  steel  templet,  of  the  size  and  form  that  the  Impres- 
sion is  to  be,  with  the  top  left  soft  to  prevent  the  steel  from  fiying  when 
struck  with  a  hammer.  Portions  of  the  die  that  cannot  be  machined, 
owing  to  their  Irregular  shape,  or  the  lack  of  shop  facilities,  must  be 
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Fig.  88.    Tools  and  Methods  tor  Making  Drop  Forging  Dies 

sunk  by  hand.  This  requires  especial  skill  with  the  hammer  and  chisel, 
scrapers  and  gravers,  as  well  as  a  good  eye.  The  chisels  must  be 
ground  to  the  proper  angle  on  the  cutting  edge,  for  chipping  the  curved 
surfaces  and  awkward  corners.  Scrapers  may  be  made  of  various 
shapes,  to  suit  the  requirements  of  the  work.  One  of  the  most  useful 
is  the  three-cornered  scraper,  with  two  edges  rounded;  the  third,  being 
the  cutting  edge,  is  left  sharp  and  is  curved  toward  the  point.  Another 
handy  scraper  is  shown  at  L,  Fig.  38.  It  is  leaf-  or  heart-shaped,  and 
is  convenient  for  getting  at  small  curves  and  corners,  especially  those 
at  the  bottom  of  the  Impression.  The  type  is  covered  with  a  thin 
coating  of  Prussian  blue,  or  red  lead,  and  driven  into  the  die  from 
time  to  time,  as  the  work  progresses,  and  the  high  places  worked  down 
until  the  correct  form  is  produced. 
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For  the  fillets  and  small  corners,  a  graver  or  scraper  Is  made  from 
Stubb's  steel  drill  rod,  of  the  desired  radius.  To  save  room  in  tho 
tool-box,  a  3/16-  or  1/4-lnch  rod  may  be  threaded  on  one  end,  and  these 
scrapers  fitted  to  it.  A  hole  is  drilled  in  the  cutting  end  to  save  time 
in  grinding.  The  scrapers  leave  small  ridges  in  the  work,  which  are 
filed  out  with  rlfflers,  or  bent  files.  Some  impressions  are  polished 
with  a  soft  pine  block  and  powdered  emery,  but  this  is  not  the  usual 
practice.  When  the  impressions  are  worked  out  to  the  lines,  a  lead  cast- 
ing is  taken  to  see  where  they  need  matching  or  evening  up.  The  lead 
is  tested  for  size,  and  if  all  right,  a  half-lead  is  taken  from  the  top  die, 
to  be  used  as  a  templet  in  laying  out  the  trimming  dies,  that  is,  in 
shops  where  sheet  metal  templets  are  not  used.  If  the  lead  is  over- 
heated, or  is  heated  too  often,  it  will  not  flow  freely  and  chills  before 
the  impression  is  filled.  Powdering  the  impression  with  chalk  causes 
the  lead  to  fiow  freer. 

The  edger,  or  breaking-down  form,  on  the  right  of  the  die,  is  made 
Irom  1/16  to  3/16  inch  smaller  than  the  horizontal  cross-section  of  the 
forging,  and  has  no  abrupt  shoulders  or  curves.  The  idea  is  to  get  the 
heated  stock  smaller  in  width  than  the  finishing  impression,  so  that 
the  bottom  of  the  impression  strikes  the  stock  first,  and  spreads  It  to 
the  sides,  filling  the  die.  Cast-iron  dies  are  also  used  for  breaking 
down  heavy  work. 

The  fiash,  which  is  a  recess  0.015  to  0.025  inch  in  depth,  and  about 
%  inch  wide,  milled  around  the  outline  of  each  impression,  allows 
the  surplus  stock  to  escape  from  the  die.  This  surplus  is  afterward 
trimmed  off  in  the  trimming  dies.  The  top  die,  also,  has  a  groove 
about  1/16  inch  in  depth,  milled  around  the  Impression,  V^  inch  from 
the  edge.  The  gate  for  clearing  the  stock  tapers  gradually  toward 
the  front  from  the  impression  so  as  not  to  weaken  the  die  at  that 
point. 

In  dies  for  making  small  forgings  in  large  quantities  there  are  several 
impressions  sunk,  one  of  which  is  used  for  a  rougher,  and  should  be 
about  1/32  inch  narrower  and  deeper  than  the  finishing  impression. 
Some  dies  have  to  be  interlocked  when  difficult  shapes  are  to  be  forged, 
that  is,  the  faces  have  to  be  shaped  to  suit  the  offset  in  the  forging. 
Care  must  be  taken  to  have  the  interlocking  parts  high  enough  so 
that  the  dies  will  not  glance  off  when  striking  the  stock,  and  make 
an  imperfect  forging.  When  the  face  of  the  dies  Is  curved,  special 
cutters  are  made,  similar  to  those  at  M  and  N  for  surfacing  and  flash- 
ing. As  a  guide  for  machining  curved  impressions,  some  mechanics 
transfer  the  lines  to  the  side  of  the  die  blank  and  lay  out  the  curve 
there,  then  clamp  a  surface  gage  to  the  proflling  machine,  and  with  the 
needle  set  to  the  face  of  the  cutter,  work  out  the  stock  by  following 
the  lines  with  the  needle  point.  Dies  for  forging  gears,  or  similar 
work,  are  finished  with  a  broach  having  the  teeth  machined  in  it,  which 
is  then  driven  into  the  die. 
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DROP  PORQINQ  DIBS  IN  AN  AUTOMOBILE  SHOP* 

The  making  of  drop  forging  dies,  together  with  the  hardening  process 
through  which  they  are  put,  is  a  trade  in  itself,  though  closely  allied 
to  tool  and  die  making  as  understood  in  the  big  shops  of  to-day.  Each 
branch  of  shop  work  presents  its  Individual  problems,  and  a  tool-  and 
die-maker,  though  skilled  in  other  lines,  cannot  go  into  a  forging  shop 
and  make  drop  forge  dies  without  special  instruction  and  training. 

In  drop  forge  die  work,  as  In  other  kinds  of  tool  work,  there  are 
various  grades  of  accuracy  and  finish  required.  Some  forglngs  must 
come  from  the  hammer  practically  finished  to  size,  while  others  are 
made  large  enough  to  allow  considerable  machining.     Where  only  a 


F\g.  39.    Planing  a  Dle*blook  on  a  Shaper 

few  pieces  of  a  rough  nature  are  required,  little  skill  is  needed  in  the 
making  or  maintenance  of  the  dies,  but  where  small  accurate  parts  are 
to  be  made  in  large  quantities,  special  tools  for  both  hand  and  machine 
use,  and  trained,  skillful  die-makers  are  needed,  as  well  as  a  careful 
selection  of  the  steel  used. 

Materials  for,  and  Life  of,  Drop  Forfiring  Dies 

Steel,  cast  Into  blocks,  is  not  suitable  for  this  work,  as  flaws  or 

blowholes  are  likely  to  develop  where  least  expected  or  desired,  so  as 

a  general  rule,  forged  blocks  of  open  hearth  crucible  steel  are  used. 

These  blocks  are  either  purchased  ready  forged,  in  various  sizes,  from 
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the  steel  manufacturers,  or  are  forged  in  the  shop  where  they  are  used, 
the  former  plan  being  the  usual  one. 

A  rough  estimate  as  to  the  average  life  of  a  drop  forging  die,  used 
for  medium-sized  work  on  Bessemer  steel,  was  given  by  a  foreman  of 
long  experience,  as  about  forty  thousand  pieces.  Some  dies  might  be 
broken  Immediately  when  put  in  operation,  while  others  might  stand 
for  a  hundred  thousand  pieces  or  even  more. 

Automobile  Shop  Drop  Porgring  Practice 
In  preparing  the  present  chapter,  the  photographs  and  data  were 
obtained  in  the  factory  of  Thomas  B.  Jeffery  &  Co.,  Kenosha,  Wis.. 
the  manufacturers  of  the  famous  "Rambler"  automobile.  This  com- 
pany's drop  forging  department  is  comparable  to  those  of  the  big 
concerns  that  make  a  specialty  of  drop  forgings,  and  consists  of  a 


Fig.  40.    A  Pair  of  Typical  Drop  Forging  Dlds  and  their  Work 

well-lighted,  finely-equipped  tool-room,  used  only  for  drop  forge  die 
work,  a  thoroughly  up-to-date  hardening  plant,  and  a  big  building  full 
of  steam  hammers,  punch  presses,  heating  furnaces  and  every  appli- 
ance necessary  for  first-class  work. 

The  greater  part  of  the  drop  forgings  made  here  are  of  Bessemer  bar 
steel,  though  some  of  the  more  particular  automobile  fittings  are  made 
of  special  grades  of  tool  steel.  All  of  the  drop  forging  dies  are  of 
the  highest  class,  calling  for  the  best  dle-maklng  skill,  and  necessi- 
tating a  great  deal  of  hand  work  in  addition  to  the  most  accurate 
machining. 

Making  a  Die 

In  the  original  outlining  of  a  set  of  drop  forging  dies,  the  measure- 
ments for  the  forming  cavities  may  be  taken  from  a  blue-print  sup- 
plied by  the  drafting-room,  or  they  may  be  taken  from  a  piece  already 
made— possibly  a  forging  or  a  lead  casting  obtained  from  some  former 
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set  of  dies,  or  perhaps  a  piece  made  up  for  a  model.  Sometimes  a  sheet 
meUl  templet  is  made  to  assist  in  obtaining  the  desired  shape  of  the 
die  cavities,  while  in  other  cases,  only  the  outline  scribed  on  the  cop- 
pered surface  together  with  the  necessary  measurements,  is  needed. 
The  size  and  outline  of  the  forging  to  be  made,  as  well  as  the  accuracy 
required,  govern  the   method  of  procedure. 


Fig.  41.    Proflllnff  Machine  much  Used  In  Die-sinkinir 

The  die  blocks,  which,  as  already  stated,  are  forged  of  open  hearth 
crucible  steel,  are  first  placed  in  a  shaper  and  carefully  surfaced  off 
to  the  required  dimensions,  as  shown  in  Fig.  39.  These  blocks  are  made 
over-size,  so  that  enough  of  the  surface  can  be  machined  ofP  to  insure 
good,  sound  metal  to  work  on.  The  outlines  for  the  breaking-down  or 
roughing,  the  finishing,  and  sometimes  the  bending  forms  are  then  laid 
off  on  the  coppered  faces,  and-  the  cavities  roughed  out  on  the  drill 
press  or  lathe  as  the  case  may  require,  or  on  the  profiling  machine,  as 
shown  in  Fig.  41. 
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The  same  set  of  dies  shown  in  this  engraving  is  shown  stili  further 
roughed  out  in  Fig.  40.  The  shape  of  the  forging  to  be  made  in  this 
set  is  shown  at  the  top  of  the  illustration — it  is  a  foot  pedal  for  a 
clutch  lever.  The  channel  for  the  fin,  or  "flash,"  which  is  formed  in  the 
finishing  operation,  is  plainly  shown  in  the  middle  cavities. 

The  letters,  CLUTCH,  were  first  lightly  stamped  on  the  metal  with 
special  steel  letters  to  get  the  outline,  then  they  were  chiseled  out, 


Flir-  42.    FinishJnfir  the  l>le  Shown  in  TXg.  40  on  the  Profllinir  Machine 

and  finally  finished  by  driving  in  the  steel  letters  to  smooth  up  the 
roughness  caused  by  chiseling. 

Fig.  42  shows  the  final  cuts  being  taken  on  the  breaking-down  part 
of  this  die,  the  rest  of  the  work  consisting  of  scraping,  gouging  and 
chiseling. 

Tools  Employed  in  Making  Dies 

For  the  hand  work,  the  die  block  is  held  in  a  special  "ball  vise" 
which  is  shown  in  Fig.  43.    A  vise  of  this  type  is  the  handiest  device 
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imaginable    for    heavy  die    work.    This    illustration    also    shows    the 
breaking-down  part  of  the  die  a  little  more  plainly  than  the  previous 
examples. 
Fig.  44  shows  a  few  of  the  tools,  scrapers,  and  riflflers  used  in  the 


FIff.  43.    Special  "  BaU  Viae  "  Uaed  In  Slnkin^r  Drop  Forg\ng  Dlea 


Plff.  44.    Scrapers,  Ftles.  RIflBers  and  Other- Tools  used  by  Die-sinkers 

finishing  work.    These  are  mostly  made  of  old  files  and  are  ground  or 
bent  to  suit  the  needs  of  particular  cases. 

In  Fig.  45  are  some  of  the  milling  tools  that  have  been  made  espe- 
cially for  this  work.  Only  twenty-four  of  them  are  shown,  though 
several  hundreds  of  all  shapes  and  sizes  are  in  stock.  Another  set  of 
special  cuiters  is  shown  in  Fig.  46.    Two  of  these  have  a  single  inserted 
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blade  or  *'fly-cutter"  held  in  place  by  a  set-screw,  and  are  very  useful 
tools  for  some  kinds  of  work. 

The  tools  shown  in  Fig.  47  are  known  as  "types,"  and  are  used  in 
scraping  out  cylindrical  cavities  to  size.  These  types  are  turned  to  the 
proper  size,  and  when  used  are  smeared  with  lead  and  rocked  back  and 


4IM1 
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Flff.  46.    A  Few  BiiUinff  Tools  used  In  Dle-sfnkinff 


Fig.  46.    Mining  Tools  Used  In  Dle-slnklng,  with  Examples  of  Fly-cutters 

forth  in  the  partly  finished  cavity.  The  metal  is  then  scraped  away 
wherever  the  lead  shows.  For  cylindrical  work,  these  types  are  indis- 
pensable tools. 

The  tools  shown  in  Fig.  48  were  made  by  one  of  the  expert  die-sink- 
ers in  th^e  Jeffery  shop.    The  tool  shown  at  the  right  is  used  to  scribe 
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an  outline  from  a  forging.  It  consists  of  a  hardened  steel  blade,  with 
a  point  on  one  end,  set  into  a  flat  steel  block  in  such  a  way  that  it  is 
free  to  move  up  and  down  to  a  limited  extent.  The  rivet  shown  on 
the  side  passes  through  a  short  slot  in  the  blade.  When  in  use,  a  flat 
spring  on  the  top  edge  of  the  tool  presses  the  point  down  onto  the 


I 
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Flff.  47.    "  Typlnff  Tools  "  Used  by  Die-sinkers  to  Form  Circular  Cavities 


PI«.  48. 


Vernier  Caliper  Depth  Gaffe,  Inside  Micrometer, 
and  Scribing  Block 


coppered  surface,  causing  a  mark  wherever  moved.  To  use  this  tool, 
it  is  held  on  edge  with  the  point  down  and  the  edge  of  the  hardened 
blade  in  contact  with  the  forging.  The  steel  block  keeps  the  blade 
perpendicular,  and  by  keeping  the  edge  of  the  blade  in  contact  with 
the  forging  while  scribing,  a  correct  outline  is  obtained,  which  could 
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not  be  done  with  an  ordinary  scriber  on  account  of  tlie  wor Icing  outline 

being  considerably  above  the  die  face. 

The  middle  tool  shown  in  Fig.  48  is  a  one-inch  inside  micrometer, 

which  was  made  by  the  die-sinker  because  he  could  not  buy  one  small 

enough  for  the  purpose.     The  other  tool  is  a  regular  stock  caliper 

square,  to  which  has  been  added  a  depth  gage.    The  gage  is  so  made 

that  the  rod  projects  the  same  distance  that  the  caliper  jaws  are  apart. 

The  usefulness  and  convenience  of  this  tool  are  at  once  apparent  to  a 

tool-maker. 

The  Lead  Casting  or  Proof 

After  the  mechanical  work  on  a  set  of  dies  is  done,  a  lead  casting  of 
the  cavity  is  made  and  sent  to  the  superintendent  to  be  passed  upon. 
If  it  is  correct,  the  dies  are  hardened  and  sent  to  the  forging  shop, 
but  if  it  is  off  size  or  shape,  or  for  any  reason  not  satisfactory,  suit- 
able changes  are  made,  and  another  lead  impression  taken  and  passed 


Fig.  49.    Samples  of  Lead  Castings  or  Proofh  Taken  fVom  Drop  Forging 
Dies  for  Testing  the  Accuracy  of  Outline 

upon  as  before.  Fig.  49  shows  a  number  of  these  lead  castings  which 
are  kept  in  the  tool-room  for  reference,  and  they  often  save  considerable 
trouble  when  making  duplicate  dies. 

Staking  Tools  Used  for  Repairing  Dies 
After  a  set  of  dies  has  been  in  use  for  some  time,  the  dies  are  likely 
to  develop  cracks  or  drawing  seams  which  cause  ridges  and  rough 
spots  on  the  forgings.  These  cracks  are  closed  up  by  hammering  first 
on  one  side  and  then  on  the  other  with  a  hammer  and  what  are  called 
"staking"  tools,  which  are  simply  specially  shaped,  tempered  steel 
punches  made  of  chisel  steel  stock.  Some  of  these  staking  tools  are 
shown  in  Fig.  50. 

Examples  of  Drop  Forging  Dies 
One-half  of  a  die  set,  showing  the  breaking-down  and  fininshing  forms, 
is  illustrated  in  Fig.  51.     In  this  illustration  the  method  of  leaving 
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a  ridge  around  the  finishing  form  and  cutting  a  channel  for  the  fin 
is  very  plainly  shown.  This  method  is  followed  in  all  of  the  drop 
forge  dies  made  in  the  Jefitery  shop.  Fig.  52  shows  a  more  complicated 
die.  In  this,  both  edging  and  flatting  breaking-down  die  forms  are 
shown.    In  using  this  die,  the  hot  bar  from  which  the  forging  is  being 


Fiff.  60.    Staldxiff  Tools  Uaad  for  Repairing  Worn  and  Cracked 
Drop  Forging  Dies 


Fig.  61.    An  Example  of  Drop  Forglnff  Die  Showing  Breaking- 
down  Die  at  the  Right 

made,  is  alternately  swung  from  one  to  the  other  form,  it  being  Iielcl 
edgewise  in  one  and  flat  in  the  other,  and  given  a  blow  or  two  until 
sufficiently  reduced  for  the  finishing  form,  after  which  it  is  cut  off 
from  the  bar  by  a  shear  fastened  to  the  hammer  at  one  side  of  the 
die  block. 
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In  Fig.  53  the  roughing  or  breaking-down  die  is  shown  and  also  a 
bending  form,  the  bar  being  roughed  into  shape,  and  then  bent  and 
finished.  Of  course,  in  these  last  two  illustrations  it  is  understood 
that  the  cuts  show  only  one-half  of  the  set,  the  other  half  correspond- 


Flff.  02. 


Drop  Forging  I>1«  Showing  both  Bdglnff  and  Flattlngr 
Breaking- down  Dies 
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Fig.  63.    Drop  Forging  Die  Showing  Bending  Form  in  Front 

ing  in  shape  to  the  one  shown  in  such  a  way  as  to  produce  the  desired 
shape.  To  better  illustrate  this  for  the  benefit  of  those  not  familiar 
with  this  class  of  work,  both  halves  of  a  set  of  dies  are  shown  in  Figs. 
54  and  55.  These  show  the  complete  forging  and  bending  parts  for 
this  particular  piece.    The  end  of  the  finishing  form  also  shows  a  place 
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where  one  of  the  types  illustrated  in  Fig.  47  was  used  when  first  work- 
ing out  the  cavity. 

TrimminfiT  Dies 
Some  of  the  forgings  are  of  such  shape  that  the  fln  or  flash  formed 
is  easily  ground  or  machined  off,  while  others  are  put  through  a  trim- 


1 

Tig.    64.    Drop  Forging  Die  and  Bending  Die  tor  Steering  Oear  Part 


FIff.  66.    Mating  Die  to  Die  In  Fig.  64 

ming  die.  These  trimming  dies  are  about  the  same  as  the  trimming 
dies  used  for  other  classes  of  work,  and  so  need  little  comment.  Fig. 
56  shows  a  set  of  forging  and  trimming  dies  used  for  making  "Rambler" 
wrenches.  The  breaking-down  form  is  very  plainly  shown  as  is  also 
the  finishing  cavity.     The  trimming  punch  is  at  one  side,  while  the 
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trimming  die  in  the  middle  is  shown  made  up  of  four  separate  parts. 
This  is  done  because  the  die  parts  that  shear  out  the  wrench  slots 
wear  or  break  sooner  than  the  rest  of  the  die.  and  when  made  this  way 
they  are  easily  replaced  without  necessitating  a  wholly  new  die,  which 
would  be  the  case  if  made  solid. 


Fiff.  66.    Drop  Forging  Die  for  Wrench,  and  Trimming  Die  for  Same 


Pig.  67.    A  Few  Ezamplea  of  Drop  Forging  Diea  in  Storage 


Fig.  57  shows  a  number  of  dies  on  the  storage  shelves,  only  one-half 
of  each  set  being  shown,  the  other  half  of  each  set  being  back  of  the 
one  visible.  The  trimming  dies  which  are  in  constant  use  are  kept 
conveniently  near  the  presses  in  the  forge  room.  Both  the  trimming 
and  forging  dies  are  stored  on  heavy  shelves  close  to  where  they  are 
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used,  thus  saving  the  unnecessary  "toting"  that  is  practiced  in  so 
many  shops. 

Heating  Furnaces 

The  heating  furnaces  in  a  forging  shop  must  be  set  near  the  ham- 
mers, and  Fig.  58  shows  how  the  oil  furnaces  are  placed,  so  that  little 


Fig.  60.    Brown  &  Sharpe  Heating  and  Annealing  Furnaces 

time  is  lost  getting  the  heated  metal  to  the  hammers.  Fig.  59  is  an 
Illustration  of  two  of  the  big  Brown  &  Sharpe  furnaces  in  the  harden- 
ing room.  For  small  work  several  smaller  furnaces  are  used,  but 
those  shown  are  used  for  large  work,  and  are  said  to  be  the  best 
obtainable. 
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HardeninfiT  Drop  ForsrinfiT  Dies 
In  hardening  drop  forge  dies  only  the  face  is  hardened.     The  die 
is  heated  and  placed  face  down  in  a  tank  of  water  on  a  sort  of  spider 
support,  and  a  stream  of  water  pours  upward  against  it.    Fig.  60  shows 


Fig.  60.    Hardening  the  Face  of  a  Drop  Forging  Die 

how  this  is  done.  In  the  illustration  a  round  piercing  die  is  being 
hardened,  so  the  water  appears  to  be  boiling  up  through  the  center, 
which  would  not  be  the  ease  were  it  a  solid  block  like  a  forging  die. 
Large  specially  shaped  tongs  make  the  handling  of  the  heavy  steel 
blocks  of  the  drop  forge  dies  comparatively  easy. 


MacMnery^.T, 
Fig.  61.    Arrangement  of  Brine  Tank  for  Hardening 

On  the  subject  of  hardening  drop  forging  dies,  Mr.  J.  F.   Sallows 
has  contributed  the  following  to  Machinery.* 
Uneven  heating  and  uneven  cooling,  with  consequent  uneven  contrac- 


♦  Maciii.nkhv,  January,  IfiOS. 
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tion,  is  the  cause  of  so  many  drop  forging  dies  cracking  in  hardening. 
There  is  no  necessity  for  this  trouble  if  the  dies  are  properly  handled. 
If  drop  forging  dies  are  made  from  machine  steel,  they  should  be 
packed  in  No.  1  raw  bone  and  fine  wood  charcoal,  three  parts  charcoal 
being  used  for  each  two  parts  raw  bone.  They  are  then  heated  in  an 
oven  for  eight  hours,  at  a  temperature  of  1,600  degrees  F.,  and  are 
then  dipped  the  same  as  described  in  the  following  for  tool  steel.    When 


Flff.  62.    Oil  Tank  tor  Hardening  Room 

the  dies  are  made  of  tool  steel,  the  beating  of  the  dies  in  an  open  fur- 
nace, even  if  covered  with  coke,  is  very  injurious  to  the  steel,  as  the 
carbon  is  removed  from  the  surface  of  the  steel,  and  the  dies  will 
not  harden  on  the  outside,  but  will  be  harder  further  in.  This  does 
not  matter  so  much  with  tools  that  are  to  be  ground  to  size  after 
hardening,  but  it  is  a  poor  practice  with  any  kind  of  tool-steel  tools. 
Tool-steel  dies  should  be  packed  in  fine  wood  charcoal  in  a  box  large 
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enough  to  allow  plenty  of  charcoal  between  the  die  and  the  box  walls, 
say  about  two  inches  or  more.  Seal  the  cover  on  tightly  with  asbestos 
cement,  place  the  box  containing  the  die  in  the  furnace,  and,  if  a 
pyrometer  is  attached  to  the  furnace,  hold  the  furnace  at  about  1,500 
degrees  F.,  leaving  the  die  in  for  at  least  four  hours.  For  a  small 
die,  shorter  time  will  be  sufficient,  but  a  die  weighing  50  pounds  or 
more  should  be  allowed  four  hours  to  heat  slowly  and  uniformly.  Then, 
instead  of  immersing  the  whole  die  in  a  tank  of  cold,  clear  water,  have 
two  tanks,  a  large  one  and  a  smaller  one,  as  shown  in  Fig.  61.  An 
overflow  pipe  or  hose  A  from  the  water  line  B  in  the  large  tank  should 
connect  it  with  the  small  tank  C.  When  ready  to  dip  the  die  £>,  place 
the  face  only  in  the  water.  Plenty  of  salt  should  be  well  dissolved 
in  the  water,  about  4  pounds  to  the  gallon;  this  extracts  the  heat  from 
the  die  quicker  than  clear  water,  and  prevents  steam  formation  on 
the  face  of  the  die.  A  water  pipe  E  should  be  carried  in  at  the  center 
of  the  large  tank  at  the  bottom,  and  should  be  supplied  with  water  at 
fairly  high  pressure.  When  placing  the  die  in  the  bath,  open  the 
valve  of  the  pipe  E,  thus  forcing  the  cold  solution  against  the  face  of 
the  die,  while  the  warm  water  passes  into  the  smaller  tank.  The  solu- 
tion collecting  in  the  smaller  tank,  when  cool  enough,  can  be  used  for 
smaller  tools,  and,  when  so  desired,  can  be  run  off  by  outlet  F.  An- 
other bath,  in  an  oil  tank,  inside  of  a  water  tank,  as  shown  in  Fig.  62, 
should  be  provided.  The  size  of  the  tanks  must  be  determined  by  the 
size  of  the  dies  to  be  hardened.  Fish  oil  should  be  used  in  this  latter 
tank,  and  the  tank  should  have  two  water  inlets  C,  at  opposite  sides  of 
the  tank,  and  so  arranged  as  to  allow  water  to  flow  around  all  sides  of 
the  oil  tank  as  indicated  in  the  plan  view.  Pipe  D  is  the  overflow. 
A  coarse  mesh  sieve  E  is  suspended  in  the  oil  tftnk,  and  held  by  rods  F. 
The  oil  tank  should  have  four  legs  about  6  inches  long,  to  allow  water 
underneath  the  tank.  When  the  die  face  has  been  cooled  in  the  salt 
water  solution,  remove  the  die  quickly  to  the  oil  tank,  and  lower  it 
until  it  rests  on  the  sieve  (see  G,  Fig.  62).  Let  the  die  remain  in  this 
position  until  cold.  It  requires  no  further  attention  than  removal  from 
the  oil.    Dies  hardened  in  this  manner  will  not  crack. 
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FOUNDATIONS  FOR  DROP-HAMMERS* 

The  concrete  foundations  for  drop-hammers,  described  in  the  follow- 
ing are  used  in  the  Pratt  &  Whitney  Co.'s  shops  at  Hartford,  Conn. 
The  blacksmith  shop  is  located  on  what  one  might  say  is  the  second 
floor  of  the  building,  there  being  a  basement  about  11  feet  high  under 
the  blacksmith  shop,  which  is  used  as  a  stock-room  and  where  the  case- 
hardening  furnaces  are  located.  The  foundations  for  the  drop-ham- 
mers in  the  blacksmith  shop  must  therefore  be  carried  down  clear 
through  the  basement,  and  then  down  approximately  another  11  feet  to 
hard  pan.  The  construction  of  these  concrete  foundations  is  shown 
in  Fig.  63.  At  A  is  shown  a  cast-iron  base-plate,  into  which  the  base 
of  the  drop-hammer  sets.  This  plate  is  bolted  to  the  concrete  column 
by  four  1%-inch  anchor  bolts.  Between  the  cast-iron  plate  and  the 
top  of  the  column  a  double  layer  of  wood  and  also  a  thick  layer  of 
tar  paper  are  interposed,  the  purpose  of  which  will  be  referred  to  later. 
The  column,  as  shown,  reaches  nearly  up  to  the  ceiling  of  the  base- 
ment, C  being  the  floor  line  of  the  blacksmith  shop.  At  D  is  shown 
a  line  representing  the  floor  of  the  basement.  As  will  be  seen,  rein- 
forcements have  been  placed  around  the  concrete  column  in  the  form 
of  heavy  planks  B,  having  one-inch  bolts  through  the  concrete  to  clamp 
them  up  against  the  concrete  surface.  It  was  found  later,  however, 
that  this  reinforcement  was  not  necessary,  and  that  the  foundations 
would,  have  served  their  purpose  fully  as  well  had  the  column  been 
left  plain  all  the  way  down. 

The  installation  of  these  concrete  foundations,  as  compared  with  the 
wooden  foundations  formerly  used,  has  proved  to  be  a  very  economi- 
cal move.  Previously,  with  hammers  working  on  wooden  foundations, 
it  was  not  possible  to  make  certain  medium-sized  drop  forgings  on 
ansrthing  but  a  200-pound  hammer.  Since  these  foundations  were  put 
in,  it  has  been  found  possible  to  make  them  on  a  100-pound  hammer, 
and,  at  the  same  time,  the  rapidity  of  completing  the  drop  forgings  has 
been  increased,  so  that  a  saving  in  time  of  20  per  cent  has  resulted  in 
the  making  of  these  forgings.  Other  elements  of  saving  in  comparing 
the  making  of  these  forgings  on  a  200-  or  a  100-pound  hammer  are  that 
the  tools  cost  more  for  a  larger  machine,  and  it  consumes  a  great  deal 
more  power.  The  reason  why  there  is  a  saving  in  the  making  of  these 
forgings,  even  in  regard  to  the  time  consumed,  is  because  the  strokes, 
even  on  a  smaller  hammer,  can  now  be  made  shorter,  so  that  a  greater 
number  can  be  struck  in  the  same  time,  the  blows,  however,  having 
an  equally  good,  or  better,  effect,  on  account  of  the  solid  foundations 
under  the  base  of  the  hammer.     In  the  case  of  drop  hammers,  where 
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the  hammer  was  previously  raised  three  feet,  it  is  now  not  neces- 
sary to  raise  it  more  than  two  feet,  in  order  to  accomplish  the  same 
results. 

When  the  foundations  were  first  put  in,  the  cast-iron  plate  A,  already 
mentioned,  was  laid  directly  on  a  surface  of  cement,  three  inches  thick. 
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Fig.  63. 
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Concrete  Foundations  fbr  Drop-hammers  in  the  Pratt  it  Whitney 
Co.'s  Blacksmith  Shop 


placed  on  the  top  of  the  concrete  foundations.  The  cast-iron  base-plate, 
of  course,  was  not  finished  on  the  bottom,  but  was  more  or  less  rough. 
The  cement  Itself  did  not  have  a  perfectly  plane  surface,  and  it  was 
found  that,  after  the  hammer  had  been  used  for  some  time,  the  top  layer 
of  the  cement  would  be  ground  to  powder,  on  account  of  the  rough 
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surfaces  coming  in  contact,  constantly  cutting  and  grinding  the  sur- 
face of  the  cement.  In  order  to  prevent  this,  a  layer  of  tar  paper,  one 
inch  thick,  was  firsts  placed  on  the  top  of  the  concrete  foundation,  and 
on  top  of  this,  two  layers  of  hard  wood,  each  one  inch  thick,  were  laid 
diagonally,  the  cast-iron  base-plate  being  placed  directly  on  the  hard 
wood,  after  which  the  anchor  bolts  were  tightened  down,  clamping  the 
base-plate  tightly  against  the  wood  and  the  tar  paper,  and  consequently 
pressing  the  latter  firmly  against  the  top  of  the  concrete.  The  tar 
paper  would  fill  in  all  crevices  and  rough  places  on  the  top  of  the 
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Figs.  64  and  66.    Drop-bammer  Foundations  of  Solid  Concrete,  and 
\7lth  Wood  Cushion 

concrete,  and  the  impact  of  the  hammer  blows  would  be  distributed 
equally  over  the  whole  ^surface.  After  this  improvement  had  been 
made,  no  more  troubles  were  experienced  with  the  top  of  the  concrete 
being  pulverized  by  the  blows  of  the  hammer. 

At  first  it  was  feared  that  these  solid  foundations,  having  practically 
no  springing  action  whatever,  would  cause  trouble  in  regard  to  the 
dies  so  that  a  greater  cost  would  be  incurred  in  regard  to  the  replacing 
of  broken  dies,  but  this  apprehension  proved  to  have  no  foundation; 
the  dies  seem  to  stand  up  fully  as  well  as  with  the  old  wooden  foun- 
dations. 
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The  concrete  used  for  these  foundations  Is  what  is  known  as  1 — 3 — 6 
mixture.  This  mixture  consists  of  one  bag  of  cement,  one  barrel  of 
heaped  sand,  and  two  barrels  of  stone. 

The  E.  W.  Bliss  Co.,  Brookljm,  N.  Y.,  builder  of  drop  forge  hammers, 
has  given  out  the  following  information  regarding  the  construction 
of  drop-hammer  foundations. 

The  endurance  and  effectiveness  of  drop-hammers  depend  in  no  small 
degree  upon  the  proper  ratio  between  the  weight  of  the  base  and  the 
weight  of  the  hammer.  It  has  been  demonstrated  that  12  to  1  is 
decidedly  better  than  a  smaller  ratio,  and  that  the  best  results  are 
obtained  with  a  ratio  of  15  to  1  or  16  to  1  with  all  parts  made  in 
proportion,  the  extra  cost  of  the  heavier  machine  being  more  than 
compensated  for  by  the  larger  quantity  and  better  quality  of  the  fin- 
ished product  and  by  the  comparative  freedom  from  breakdowns. 

For  the  successful  operation  of  drop-hammers,  it  is  very  essential  to 
have  a  good  foundation.  Both  of  the  types  illustrated  in  Figs.  64  and 
65  have  been  found  to  give  good  results.  The  wood  cushion  foundation, 
as  shown  in  Fig.  65,  is  used  where  the  bottom  is  not  good  and  where 
jarring  the  surrounding  buildings  is  objectionable.  The  solid  con- 
crete foundation  shown  in  Fig.  64  is  recommended  as  best  when  it 
can  be  used,  as  it  is  like  a  continuation  of  the  base  on  the  hammer, 
and  therefore  makes  the  drop  more  efficient.  In  deciding  the  depth 
of  foundation  of  either  of  the  above  types,  care  should  be  taken  to 
determine  the  best  point  at  which  to  stop  the  excavation.  Bed  rock 
is  the  best  bottom,  cement  gravel  next  best,  and  a  stratum  of  sand  or 
clay,  say  4  feet  thick,  in  its  original  and  undisturbed  condition,  also 
makes  a  good  bottom.  The  trouble  with  sand  or  clay  is  that  on  account 
of  the  heat  of  a  drop  forge  shop  drying  the  soil,  and  the  continual  jar, 
they  are  apt  to  shift,  provided  they  get  an  outlet  into  other  adjacent 
excavations.  By  spreading  the  bottom  of  the  foundation,  the  desired  re- 
sult is  sometimes  obtained  without  going  very  deep,  but  for  any  size 
of  drop-hammer  the  concrete  should  not  be  less  than  4  feet  thick, 
whether  a  wood  cushion  is  used  or  not. 
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In  the  present  (the  second)  edition  of  this  Reference  Series  Book,  con- 
siderable matter  specifically  pertaining  to  the  hardening  and  tempering 
of  steel  has  been  added,  and  revisions  have  been  made  in  the  remainder 
wherever  necessary.  In  order  to  provide  space  for  the  added  material, 
the  chapter  on  case-hardening  and  case-hardening  fuVnaces.  included  in 
the  first  edition,  has  been  eliminated.  This  chapter,  together  with 
other  matter  on  case-hardening,  a  thorough  treatment  on  the  theory  of 
the  heat  treatment  of  steel,  electric  hardening  furnaces,  and  kindred 
subjects,  is  included  in  Machinery*s  Reference  Book  No.  63,  "Heat 
Treatment  of  Steel.*' 
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CHAPTER  I 


MODERN  STEEL  HARDENING  PLANTS 

From  time  imimemorial  when  iron  in  its  most  crude  form  was  intro- 
duced into  the  manufacturing  and  commercial  field,  it  has  been  a 
well-known  and  accepted  fact  that  heat  with  its  varying  degrees  of 
Intensity  has  a  direct  action  on  both  the  physical  and  chemical  prop- 
erties of  the  metal  when  the  iron  is  submitted  to  its  action;  and, 
as  a  direct  result,  the  entire  structure  of  the  iron  is  altered,  and  by 
altering  or  changing  the  methods  of  application  of  the  heat  treatment, 
any  desired  structure  of  the  metal,  either  steel  of  cast  iron,  may  be 
obtained.  In  spite  of  the  fact  that  the  truth  of  the  above  exposition 
was  generally  acknowledged,  very  little,  if  any,  use  was  made  of  it; 
but  as  science  developed,  competition  grew  keener  and  keener,  and  the 
general  cry  in  the  manufacturing  world  became  "reduced  cost  and 
greater  output."  To  balance  the  effect  of  increased  power  and  conse- 
quently larger  machines,  the  working  strength  of  the  cutting  tool, 
together  with  the  working  stress  of  the  machine  members,  had  to  be 
greatly  increased,  and,  during  the  past  decade,  the  heat  treatment  has 
done  more  than  its  share  in  the  work  of  accomplishing  the  desired 
results. 

There  are  but  few  propeHy  planned  and  equipped  hardening  plants. 
In  the  present  chapter,  however,  two  examples  of  flrst-class  hardening 
rooms  will  be  described,  the  one  being  that  of  the  Worcester  Poly- 
technic Institute,  Worcester,  Mass.,  and  the  other  the  hardening  plant 
installed  by  Wheelock,  Lovejoy  &  Co.,  in  their  New  York  store. 

The  Worcester  Polytechnic  Institute  Plant* 

The  Worcester  Polytechnic  plant  consists  of  a  room  of  spacious  size 
in  the  design  of  which  the  comfort  of  the  operator  was  well  provided 
for.  The  temperature  and  ventilation  of  the  room  is  controlled  both  by 
a  fan  and  large  windows  which  admit  subdued  natural  light  but  exclude 
the  direct  sunlight,  which  is  so  undesirable  in  this  kind  of  work. 
These  windows  are  provided  with  shutters  so  that  the  natural  light 
may  be  excluded;  artificial  illumination  is  obtained  by  means  of  incan- 
descent electric  bulbs.  The  room  Appears  to  a  visitor,  at  first,  some- 
what like  a  dungeon,  as  the  walls  and  ceiling  are  painted  a  "dead 
black,"  which  color  prevents  any  reflection  of  the  various  colored  rays 
when  the  operator  is  experimenting  on. "color  work."  After  this  first 
impreasion  has  left  the  visitor  and  he  has  become  accustomed  to  the 
light,  the  next  thing  that  catches  his  eye  is  the  row  of  various  shaped 
furnaces  placed  symmetrically  on  the  right  side  of  the  room.  For 
convenience  and  simplicity,  we  will  designate  these  furnaces  (from  right 
to  left  in  Fig.  1)  by  the  letters  A,  B,  C  and  D.    Furnace  A  (constructed 
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by  the  American  Gas  Furnace  Co.)  is  built  on  the  principle  of  the 
muffle  furnace,  is  of  the  box  type,  and  will  readily  heat  a  block  of 
steel  8  X  4  X  14  inches.  A  temperature  of  from  2000  to  2100  degrees  F. 
may  be  readily  obtained  by  means  of  this  heater,  which  is  used  to 
heat  such  work  as  requires  an  even  heat  and  which  would  be  destroyed 
by  oxidation  and  the  decarbonizing  action  of  the  air.  Reamers,  man- 
drels, taps  and  drills  in  their  finished  state  are  good  examples  of  this  type 
of  work.  Furnace  B,  known  as  the  "barium  chloride  heater,"  is  circu- 
lar in  form  and  lined  with  fire-brick,  and  the  chloride  solution  is  heated 
in  a  crucible  built  of  fire-resisting  material.  This  furnace  is  of  suf- 
ficient size  to  accommodate  all  ordinary  tools,  and  is  employed  to  heat 
such  grades  of  steel  as  require  a  rather  high  temperature,  as  high-speed 
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steels,  and  which,  at  the  same  time,  must  be  well  protected  in  heating. 
This  form  of  heat  treatment  is  well  adapted  to  those  types  and  forms 
of  tools  which  tend  to  heat  unevenly,  thus  producing  an  unbalanced 
distribution  of  the  shrinkage  strains  with  the  accompanying  cracks. 
Furnace  C  is  of  the  same  general  design  as  furnace  B,  with  the  excep- 
tion that  this  heater  is  made  use  of  in  connection  with  the  lead  bath. 
As  the  lead  melts  at  a  comparatively  low  temperature,  this  furnace 
is  used  when  a  lower  temperature  than  that  obtained  with  the  chloride 
solution  is  desired,  for  example,  when  heating  carbon  alloy  steel. 
Furnace  D  is  devoted  to  an  entirely  different  operation,  namely,  oil 
tempering.  Either  Unseed  or  machine  oil  is  used  in  this  heater,  which 
is  brought  into  action  when  the  desired  range  of  temperature  is  be- 
tween the  limits  of  300  and  630  degrees  F.  The  fuel  used  in  all  of 
these  furnaces  is  the  ordinary  city  gas,  due  to  its  convenience  and 
ready  accessibility,  but  oil  fuel  could  be  employed  if  so  desired  by  the 
operator.  As  will  be  seen  from  the  engraving,  all  the  furnaces  are 
provided  with  hoods  of  convenient  form  connected  with  an  exhaust  line, 
so  that  all  poisonous  fumes  and  gases  from  the  lead,  cyanide,  barium 
chloride,  etc.,  may  be  eliminated  from  the  atmosphere  of  the  room.  At 
various  and  convenient  positions  about  the  plant  are  to  be -found  rec- 
tangular tanks  of  convenient  size,  containing  water  and  brine  of  vary- 
ing densities.  All  the  other  baths,  as  for  example,  the  various  grades 
of  oil  and  other  cooling  baths,  are  kept  in  covered  cylindrical  galvanized 
iron  tanks.  In  order  to  properly  care  for  and  treat  the  air-hardening 
steels,  an  air  jet  is  provided  with  a  pressure  of  about  2  pounds. 

The  one  feature  which  removes  this  plant  from  the  class  of  the 
ordinary  manufacturing  establishment  and  places  it  in  the  ranks  of 
those  of  scientific  research  and  investigation,  is  its  complete  set  of 
measuring  instruments,  including  the  Briston  and  Le  Chatelier  pyrom- 
eters and  thermometers  covering  a  range  of  temperature  between  the 
limits  of  0  and  2960  degrees  F.  On  one  of  the  walls  of  the  room  is  to 
be  found  the  Bristol  pyrometer,  which  is  of  the  thermo-electric  type, 
and  consists  of  a  permanent  magnet  moving  coil  type  of  galvanometer. 
The  scale  is  graduated  to  read  direct  in  degrees.  Leads  from  the 
instrument  extend  over  the  entire  room,  so  that  it  is  a  matter  of  a 
few  seconds  only  to  connect  with  the  thermo-couple  and  obtain  any 
desired  temperature.  If  any  question  as  to  the  accuracy  of  the  instru- 
ment, or  the  action  of  gravity  on  its  oscillating  parts  is  advanced,  a 
Le  Chatelier  pyrometer,  operating  on  the  same  principle  but  having  a 
vertical  support,  may  be  brought  into  action  and  the  first  readings 
verified. 

As  indicated  by  the  above  description,  all  grades  of  steel  from  the 
15-point  carbon  steel  to  the  high-speed,  alloy,  air-  and  water-iiardening 
steel  may  be  conveniently  and  eflaciently  handled  and  treated. 

Wheelock,  Lovejoy  &  Co.'s  Hardening  Plant* 
The  illustrations.  Figs.  2  and  3,  show  two  views  of  a  hardening  plant 
installed  by  Wheelock,  Lovejoy  k  Co.,  (selling  agents  for  Firth  Sterling 
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Steel  Co.,  McKeesport,  Pa.)  in  the  basement  of  their  New  York  store 
at  23  Cliff  St.  The  equipment  is  interesting  in  that  it  represents  the 
latest  development  of  gas  furnace  hardening  'and  tempering  baths. 
Fig.  2  shows  a  general  view  of  the  plant  looking  toward  the  street, 
while  Fig.  3  is  a  view  taken  from  the  street  end.  The  furnace  In  the 
rear,  with  a  hood  similar  to  the  one  in  the  foreground  of  Fig.  2,  is  for 
heating  a  chloride  of  barium  bath,  this  being  very  successfully  used 
for  hardening  "Blue  Chip"  steel,  and  the  following  description  relates 
to  the  practice. 

The  tools  to  be  hardened  are  first  pre-heated,  using  the  small  American 
gas  furnace  shown  next  to  the  chloride  of  barium  furnace.  The  pre- 
heating saves  time  in  the  barium  bath,  and  is  absolutely  necessary  to 
avoid  checking  or  cracking  the  tools,  as  will  be  conceded  when  it  is 


Flff.  2.    Hardening  Plant,  Wbeelock,  Lovajoy  «i  Co.,  looking  toward  Street 

known  that  the  temperature  of  the  barium  bath  is  kept  at  between  2100 
and  2200  degrees  F.  After  the  tools  are  pre-heated,  they  are  immersed 
in  the  barium  bath,  being  suspended  by  an  iron  wire,  or,  in  the  ease 
of  small  parts,  in  sheet  nickel  baskets.  The  reason  for  using  sheet 
nickel  for  the  baskets  is  that  chloride  of  barium  has  a  slight  dissolving 
effect  on  iron  and  the  exposure  of  a  large  area  of  sheet  iron  in  the 
bath  would  eventually  destroy  the  baskets.  Nickel  is  not  affected  to 
a  perceptible  extent,  nor  is  the  thin  iron  wire  used  to  suspend  ordinary 
tools. 

The  temperature  of  the  barium  bath  is  regulated  by  a  Bristol  thermo- 
electric pyrometer.  This  Instrument,  shawn  at  the  left  in  Fig.  4.  is 
similar  to  a  Weston  ammeter  or  voltmeter,  and  the  fire  end  is  a  thermo- 
electric couple.  The  heat  of  the  bath  effects  the  thermo-electric  couple 
and  generates  a  current  that  deflects  the  indicator  of  the  indicating 
instrument  to  correspond  with  the  temperature.    For  convenience  in 
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operation,  the  indicating  Instrument  is  provided  with  a  double  hand, 
one  hand,  A,  being  controlled  by  the  temperature  of  the  bath,  while  tho 
other,  B,  is  a  marker  set  by  the  operator  to  indicate  the  temperature 
which  he  desires  to  carry.  This  marker  is  made  with  a  disk  at  the 
end  that  covers  a  hole  in  the  indicating  hand  when  the  two  coincide, 
as  they  do  when  the  temperature  has  reached  the  predetermined  point: 
Thus,  an  operator  whose  eyes  are  dazzled  by  the  heat  of  the  bath  does 
not  have  to  painfully  study  the  graduations  to  see  whether  the  pointer 
has  reached  the  correct,  position,  but  by  .glancing  at  the  instrument 
he  can  readily  determine  when  the  indicator  is  directly  beneath  the 
marker  referred  to. 

The  immersion  of  a  piece  pre-heated  to  a  dull  red  immediately  causes 
the  indicator  to  drop,  the  temperature  of  the  bath  falling  perhaps  30, 
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40  or  even  50  degrees.  The  fall  in  temperature  is  due  to  absorption  of 
heat  by  the  piece,  being  the  same  as  the  refrigerating  effect  of  a  lump 
of  ice  thrown  into  a  pot  of  boiling  water,  and  several  minutes  may  be 
required  to  raise  the  temperature  of  a  large  piece  to  the  temperature 
that  is  required.  For  hardening  "Blue  Chip"  steel,  a  temperature  of 
2120  to  2140  degrees  F.  has  been  found  most  suitable.  After  this  tem- 
perature is  attained,  the  part  is  allowed  to  soak  for  a  few  moments, 
then  is  lifted  out  and  dipped  into  the  cooling  bath  shown  at  the  right, 
Fig.  2,  and  left  in  Fig.  3,  which  consists  of  cotton-seed  oil  agitated  by 
compressed  air  admitted  at  the  bottom.  The  cotton-seed  oil  is  con- 
tained in  a  large  iron  barrel  surrounded  by  water  in  a  wooden  tub. 
The  part  hardened  is  allowed  to  remain  in  the  bath  until  it  is  jquite 
cold.  In  practice,  the  operator  hardens  a  batch  and  then  removes  the 
pieces  by  means  of  a  wire  basket  hanging  immersed  in  the  oil.  It  is 
recommended  that  milling  cutters,  end  mills,  slitting  saws,  etc.,  made  of 
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"Blue  Chip"  steel,  be  used,  in  general,  without  drawing  the  temper. 
They  will  have  the  requisite  hardness  and  toughness  to  stand  up^  to  the 
majority  of  work.  However,  an  oil  bath  heated  by  gas  and  regu- 
lated by  a  thermometer  is  provided  for  tempering  such  tools  as 
require  it 

Chloride  of  barium  is  a  white  transparent  salt  (BaCUOH,)  which 
melts  at  a  temperature  of  about  1700  degrees,  the  water  of  crystalliza- 
tion being  driven  off  at  a  much  lower  heat.  The  salt  volatilizes  at  an 
extremely  high  temperature,  the  loss  at  the  temperature  required  for 
heating  high-speed  steel  being  negligible.  The  waste  because  of  volatili- 
zation is,  say,  two  pounds  from  a  mass  of  barium  weighing  75  pounds 
when  held  at  a  temperature  between  2000  and  2300  degrees  for  five 
hours.  This  property  of  the  chloride  of  barium  bath  of  standing  high 
temperatures  without  rapid  volatilization  is  Joined  with  others  equally 
important.    The  piece  heated  is  protected  from  the  atmosphere  during 
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Fiff.  4.    Vertical  Cross-aection  of  Cblorlde  of  Barium  Furnace 

the  heating  period  by  the  bath,  of  course,  but  the  protective  influence 
extends  still  further.  A  thin  coating  of  barium  clings  to  the  piece 
when  it  is  lifted  out  for  immersion  in  the  cooling  bath,  thus  preventing 
oxidation.  The  effect  of  the  barium  on  the  steel  seems  to  be  limited 
to  a  slight  mottling  that  quickly  disappears  under  the  action  of  clean- 
ing and  buffing  wheels.  The  coating  of  barium  remaining  when  dipped 
prevents  the  coating  of  burned  oil  so  troublesome  to  remove,  so  that 
on  the  whole  the  process  probably  produces  the  cleanest  work  of  any 
bath  know^n. 

Wheelock,  Lovejoy  &  Co.  have  improved  the  furnace  and  crucible 
used  for  the  chloride  of  barium  bath.  The  common  form  of  furnace 
and  crucible  in  use  employs  a  comparatively  shallow  crucible,  which 
necessitates  making  a  joint  between  the  top  of  the  crucible  and  the 
fire-brick  cover.    This  gives  trouble  by  loosening  and  permitting  the 
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hot  gases  to  escape  around  the  edge  of  the  crucible.  The  improved 
construction  illustrated  in  Fig.  4  utilizes  a  deeper  crucible,  the  top  of 
which  comes  flush  with  the  fire-brick  cover  and  simplifies  the  construc- 
tion. The  deep  crucible  also  gives  a  greater  volume  of  chloride  of 
barium,  consequently  the  refrigerating  effect  of  the  pre-heated  steel 
parts,  when  immersed  in  the  bath,  is  not  so  great  This  illuBtration 
also  shows  the  fire  end,  C,  of  the  pyrometer  immersed  in  the  bath.  It 
has  been  found  advisable  to  eihploy  crucibles  made  for  steel  melting, 
the  ordinary  graphite  crucible  used  for  brass  melting  giving  trouble 
by  fiaking  off  into  the  barium. 

The  equipment  of  the  plant  includes  an  air  compressor  and  ex- 
hauster, the  former  heing  required  for  the  air  blast  in  the  furnaces 
and  for  agitating  the  oil  bath,  while  the  exhauster  connected  with  the 
smoke  pipes  and  hood,  draws  off  the  hot  air  and  gases,  thus  keeping 
the  working  conditions  fairly  comfortable,  even  in  the  hottest  weather. 
An  efficient  ventilating  system  is  a  prime  requirement,  inasmuch  as 
the  fumes  of  the  barium  are  somewhat  obnoxious  and  besides  would 
have  a  serious  rusting  effect  on  the  steel  stock  if  permitted  to  pervade 
the  basement  wEere  it  is  stored. 
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HARDENING.  STEEL* 

Every  shop  has  one  or  more  men  who  are  considered  authorities  on 
hardening.  In  many  cases  the  man  is  really  an  expert,  is  careful, 
and  uses  good  judgment  in  heating  the  steel  and  in  quenching  in  the 
bath;  and  if  the  piece  is  of  sufficient  size,  he  is  sure  to  take  the  strains 
out  by  reheating  directly  after  taking  from  the  bath.  In  some  casep, 
however,  the  success  of  one  operation  is  measured  by  the  failure  of 
others.  Thus  if  the  steel  passes  through  the  fiery  ordeal  with  enough 
of  it  left  intact  to  do  the  work  it  is  considered  a  successful  operation; 
if  not,  the  faul£  must  be  in  the  steel.  A  manufacturing  concern  once 
changed  the  brand  of  tool  steel  they  were  using  three  times  in  less  than 
a  year,  because  the  man  doing  the  hardening  reported  adversely  on 
each  make,  after  attempting. to  harden  it.  The  brands  furnished  were 
from  three  of  the  leading  makers  of  tool  steel.  After  receiving  repeated 
complaints  in  regard  to  the  man's  inability  to  harden  the  steel  success- 
fully, one  of  the  makers  advised  the  manufacturer  to  let  some  expert 
in  hardening  try  the  steel.  Some  milling  machine  cutters  were  made 
from  each  brand  of  the  rejected  steel  and  sent  to  the  steel  makers. 
They  all  came  back  hard  enough,  without  cracks,  proving  that  the 
trouble  was  not  in  the  steel. 

An  expensive  steel  is  not  necessarily  a  satisfactory  investment,  and 
a  "cheap"  brand  may  be  very  expensive.  It  is  necessary  to  understand 
just  what  is  needed  in  a  steel  for  a  given  purpose.  Some  makers  have 
different  grades  of  steel  for  different  purposes — one  for  taps  and  similar 
tools,  another  for  milling  machine  cutters,  etc. — while  others  put  out 
a  steel  that  is  very  satisfactory  for  most  purposes.  Each  has  a  good 
argument  in  favor  of  his  particular  method  of  manufacture.  In  some 
shops  it  is  thought  advisable  to  use  a  grade  of  steel  i^dapted  to  each 
individual  class  of  tool;  while  in  other  shops,  where  detail  is  not 
followed  as  closely,  this  would  cause  no  end  of  confusion.  That  part 
of  the  subject  must  be  left  to  the  judgment  of  the  individual  shop. 
But  the  treatment  of  the  steel  in  the  fire  and  the  bath,  in  order  to  be 
successful,  must  be  along  certain  lines.  The  successful  hardener  is  he 
who  finds  out  what  particular  quality  is  needed  in  the  piece  he  is  to 
harden — whether  extreme  hardness,  toughness,  elasticity,  or  a  com- 
bination of  two  of  these  qualities.  Then  he  must  know  the  method  to 
use  in  order  to  produce  the  desired  result.  The  shape  of  the  piece,  .the 
nature  of  the  steel,  the  use  to  be  made  of  the  article,  must  all  be  taken 
into  consideration.  He  must  also  be  governed  somewhat  by  the  kind 
of  fire*  he  is  to  use. 


•  Machinery,  February,  1902. 
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Heatlngr  the  Steel 

Some  brands  of  steel  will  not  stand,  without  injury,  the  range  of 
heat  that  others  will;  some  require  more  heat  than  others  in  order  to 
harden  at  all.  When  hardening,  no  steel  should  be  heated  hotter  than 
is  necessary  to  produce  the  desired  result.  With  some  brands  that 
give  off  their  surface  carbon  very  readily  it  is  not  advisable  to  heat 
them  in  an  open  Are,  exposed  to  the  action  of  the  blast  and  outside 
air,  as  the  products  of  combustion  extract  the  carbon  to  such  an  extent 
that  the  surface  will  be  soft  even  when  the  interior  is  extremely  hard. 
While  this  might  not  materially  affect  a  tool  that  Is  to  be  ground,  it 
would  spoil  a  tap,  a  formed  cutter,  or  similar  article,  whose  outside 
surface  could  not  be  removed.  In  hardening  anything  of  this  nature 
in  an  open  fire,  it  should  be  placed  in  a  piece  of  tube  or  some  receptacle, 
«o  that  the  fire  cannot  come  in  contact  with  it  while  heating.  There 
are  a  number  of  gas  and  gasoline  hardening  furnaces  made  which  have 
a  muffler  to  receive  the  work.  The  fire  circulates  around  the  muffler 
but  does  not  come  in  contact  with  the  steel.  Very  excellent  results 
may  be  obtained  when  one  of  these  furnaces  is  used.  The  front  can 
be  closed  by  means  of  a  door,  thus  keeping  all  outside  air  away 
from  the  work.  It  will  be  found  a  great  advantage  if  several  large 
holes  are  drilled  in  the  door,  these  being  covered  with  isinglass,  to 
enable  the  operator  to  see  the  work  without  opening  the  door. 

Taking  carbon  from  the  steel  is  not  the  only  injury  done  to  a  high 
grade  of  steel  when  heated  in  an  ordinary  blacksmith's  forge  by  a 
careless  operator.  Most  inexperienced  men  are  apt  to  use  a  small  fire, 
particularly  if  they  find  one  already  built.  It  may  be  mostly  burned  out, 
but  the  operator  will  not  care  to  take  the  time  to  get  fresh  coal,  and 
get  the  fire  to  the  proper  heat;  so  he  puts  on  the  blast  and  endeavors 
to  heat  the  work.  After  a  time  the  piece  has  all  kinds  of  heats,  ranging 
from  a  low  red  to  a  white  heat.  The  operator  thinks  it  averages  well, 
and  dips  it  in  the  bath.    If  It  comes  out  in  one  piece  he  is  fortunate. 

Heating  in  a  small  fire  is  dangerous  business,  as  the  work  not  only 
comes  in  contact  with  the  surrounding  air,  but  with  the  cold  air  from 
the  blast,  which  will  cause  minute  surface  cracks,  making  the  steel 
look  as  though  full  of  hairs.  It  will  also  fill  the  steel  with  "strains,'* 
causing  ends  of  projections  to  crack  and  drop  off  in  the  bath. 

If  obliged  to  use  the  blacksmith's  forge,  use  plenty  of  good  charcoal. 
Make  a  large,  high  fire  if  the  piece  to  be  hardened  is  of  any  size;  keep 
it  up  well  from  the  blast  inlet,  using  only  blast  enough  to  keep  the  fire 
lively,  and  bring  the  piece  to  the  proper  heat,  burying  it  well  in  the 
fire  to  keep  it  from  the  air.  The  lowest  heat  that  will  give  the  desired 
result  should  be  used.  This  varies  in  different  makes  of  steel,  and 
must  also  be  varied  somewhat  according  to  size  and  shape  of  the  work. 
The  teeth  of  a  milling  machine  cutter  will  harden  at  a  lower  heat 
than  a  solid  piece  of  the  same  size  made  from  the  same  bar.  Most 
steelmakers  in  their  instructions  advise  hardening  at  a  low  cherry  red. 
To  the  average  man  this  is  a  very  uncertain  degree;  his  cherries  may 
be  of  a  different  hue  from  some  other  fellow's.    Most  of  the  leading 
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brands  of  tool  steel  in  small  sizes  give  the  best  results,  however,  when 
hardened  just  after  the  black  has  disappeared  from  the  center  of  the 
piece,  provided  it  is  heated  slowly  so  as  to  get  a  uniform  heat 
In  no  case  should  steel  be  dipped  when  there  is  a  tra6e  of  black  in  it. 

The  higher  a  piece  of  steel  is  heated — to  a  certain  degree — the  harder 
it  will  be;  but  if  it  is  heated  higher  than  to  this  degree  the  grain  is 
opened,  making  it  coarse  and  brittle,*  and  it  will  be  very  liable  to  flake 
off  under  strain.  For  this  reason,  in  the  case  of  cutting  tools,  it  is 
best  to  harden  at  as  low  a  heat  as  possible.  If  the  work  gets  too  hot, 
yet  not  to  a  poii^t  where  it  is  burned,  it  is  always  best  to  allow  it  to 
cool  until  the  red  has  entirely  disappeared,  then  reheat  to  the  proper 
degree  and  harden,  and  the  grain  will  be  fine;  but  if  allowed  to  cool 
to  the  proper  hardening  heat  and  dipped,  it  would  be  as  coarse  as  if 
hardened  at  the  high  heat,  and  would  also  be  very  liable  to  crack. 

Annealing 

In  hardening,  a  great  deal  depends  on  the  anneMng.  It  is  as  neces- 
sary to  understand  how  to  anneal  properly  as  it  is  to  know  how  to 
harden  correctly.  As  generally  understood,  the  purpose  of  annealing  is 
to  soften  the  steel,  which  is  all  right,  so  far  as  the  person  is  concerned 
who  works  it  to  shape,  but  its  relation  to  hardening  is  another  matter. 
It  removes  all  strains  in  the  steel,  incident  to  rolling  and  hammering 
in  the  steel  mill  and  forging  in  the  blacksmith  shop.  Experience 
teaches  the  hardener  that  it  is  necessary  to  anneal  any^  odd-shaped 
piece  or  one  with  a  hole  or  impression  in  it,  after  it  has  been  blocked 
out  fairly  well  to  shape,  a  hole  somewhat  smaller  than  the  finished 
size  being  drilled  in  it,  and  all  surface  scale  being  removed.  The  most 
satisfactory  method  to  pursue  is  to  pack  in  an  iron  box  with  granulated 
charcoal,  not  allowing  any  of  the  pieces  to  come  within  one  inch  of  the 
box  at  any  point.  This  box  should  then  be  placed  in  the  furnace  and 
kept  at  a  bright  red  heat  for  a  length  of  time  dependent  on  the  size  of 
the  steel.  Pieces  one  inch  in  diameter  should  be  kept  at  a  red  heiit 
for  one  hour  after  the  box  is  heated  through;  larger  pieces  should  be 
kept  hot  correspondingly  longer,  allowing  the  work  to  cool  off  as  slowly 
as  possible.  An  annealing  heat  should  be  higher  than  a  heat  for  hard- 
ening the  same  piece.  The  proper  heat  for  annealing,  in  order  that 
all  strains  may  be  overcome,  should  be  nearly  as  high  as  for  forging 
the  same  piece;  in  other  words,  the  work  should  be  heated  to  a  bright 
red  and  kept  so  long  enough  to  overcome  any  strain  or  tension  liable  to 
manifest  itself  when  the  piece  is  hardened.  Tool  steel  for  annealing 
should  never  be  packed  in  cast-iron  chips  or  dust,  as  this  extracts  the 
carbon  to  such  an  extent  that  there  will  be  trouble  when  hardening 
is  attempted.  Packing  too  near  the  walls  of  the  annealing  box  will 
have  the  same  effect  to  a  lesft  extent,  but  will  be  more  troublesoioe, 
as  the  carbon  will  be  extracted  from  the  surfaces  nearest  the  box,  and 
not  affected  anywhere  else,  making  the  hardening  very  uneven. 

If  not  situated  so  that  this  method  can  be  U^ed,  very  satisfactory 
results  may  be  obtained  by  heating  in  a  large  charcoal  fire  to  a  uniform 
forging  heat.    Put  two  or  three  inches  of  ashes  in  the  bottom  of  an  iron 
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box;  on  this  place  a  piece  of  soft  wood  board,  put  the  work  on  it,  cover 
with  another  piece  of  board,  and  fill  the  box  with  ashes.  The  boards 
will  char  and  smolder,  keeping  the  work  hot  for  a  long  time.  Some 
blacksmiths  use  a  box  of  cold  ashes,  while  others  use  cold  lime;  either 
way  is  liable  to  chill  the  piece,  making  it  harder  than  if  allowed  to 
cool  in  the  air,  and  if  either  material  is  used  it  should  be  hot  to  get 
good  results.  Excellent  results  mi&y  be  obtained  by  heating  in  a  mufEier 
oven,  as  a  very  uniform  heat  of  any  degree  may  thus  be  obtained.  It 
can  be  run  any  length  of  time,  but  when  a  piece  is  heated  through  in 
this  way  it  takes  a  long  time  to  cool. 

Hardening  Baths  ^ 

Hardening  a  piece  of  steel  is  generally  accomplished  by  heating  to 
a  low  red,  and  plunging  in  some  cooling  bath.  As  so  much  depends 
on  the  bath,  it  is  quite  necessary  to  understand  the  effects  of  the  use 
of  the  different  kinds.  The  one  most  commonly  used  is  clear  cold 
water,  though  many  use  salt  and  water  or  brine.  For  hardening  small 
articles  that  must  be  extremely  hard,  the  following  will  be  found  very 
satisfactory:  One  pound  citric  acid  crystals  dissolved  in  one  gallon  of 
water.  For  very  thin  articles  a  bath  of  oil  is  necessary.  For  hard- 
ening springs,  sperm  oil  is  very  satisfactory;  when  hardening  cutting 
tools,  raw  linseed  oil  is  excellent  There  are  hundreds  of  formulas  for 
hardening  compounds,  some  of  which  are  excellent  for  certain  classes 
of  work.  Some  hardening  solutions  are  poisonous,  and  are  danger- 
ous to  have  around;  but  for  ordinary  work  the  ones  mentioned  are 
sufficient. 

Many  successful  hardeners  use  water  that  has  been  boiled,  claiming 
better  results  from  its  use  than  from  fresh  water.  Small  odd-shaped 
pieces  are  not  so  liable  to  crack  nor  to  harden  unevenly  when  the 
water  is  slightly  warm. 

Examples  of  Hardening 

We  will  now  consider  a  few  pieces  of  work  to  be  hardened  by  the 
open-fire  method.  If  we  have  a  muffler  furnace,  so  much  the  better, 
as  with  this  it  is  easier  to  get  certain  results;  but  with  care  very  satis- 
factory work  can  be  done  when  the  blacksmith  forge  is  used.  If  it  is 
a  small  tap,  reamer,  counterbore,  or  similar  article  we  are  to  harden, 
it  is  best  to  heat  it  in  a  tube,  bring  it  to  a  low  red,  and  plunge  it 
in  slightly  warm  water,  or  in  the  citric  acid  solution.  If  it  is  a  hollow 
mill,  with  a  hole  running  part  way  through  it,  we  should  dip  it  in  the 
bath  with  the  hole  up,  or  the  steam  will  keep  the  water  from  entering 
the  hole,  leaving  the  inside  walls  soft.  The  steam  would  also  have  a 
tendency  to  crack  the  piece;  but  with  the  hole  up  when  dipping,  by 
working  the  piece  up  and  down  well  in  the  bath,  the  steam  can  escape, 
and  the  water  can  get  at  the  work.  Much  trouble  may  be  saved  the 
hardener  if  attention  is  paid  to  the  steam  likely  to  be  generated,  and 
some  way  provided  to  prevent  its  keeping  the  water  from  the  work. 
Brine  does  not  steam  as  readily  as  clear  water;  neither  do  the  different 
acid  solutions  used  by  many. 
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In  hardeqing  a  milling  machine  cutter,  it  is  best  to  liave  a  large 
high  fire,  to  bury  the  cutter  well  in  the  fire,  and  to  use  only  blast 
enough  to  bring  the  work  to  the  required  heat,  which  should  be  uni- 
form throughout.  If  the  piece  has  not  been  annealed  after  drilling 
a  hole  through  it.  remove  it  from  the  fire  when  red  hot,  then  allow  it 
to  cool  off  slowly  until  the  red  has  entirely  disappeared,  when  it  can 
be  again  placed  in  the  fire  and  slowly  brought  to  the  required  heat; 
it  is  then  plunged  in  a  bath  of  tepid  water  or  brine  and  worked  around 
well  until  it  stops  "singing."  At  this  point  it  should  be  removed  and 
instantly  plunged  in  an  oil  bath,  and  left  there  until  it  is  cool,  when 
the  strain  should  be  removed  by  holding  it  over  the  fire  until  it  is 
warm  enough  to  "snap"  when  touched  with  the  moistened  finger.  It 
can  then  be  laid  aside,  and  the  temper  drawn  at  leisure.  In  hardening 
punch-press  dies  we  can  treat  them  the  stfme;  if  there  are  any  screw 
holes  for  stripper  or  guide  screws  they  should  be  plugged  with  fire 
clay  or  graphite. 

Metal-slitting  saws  can  be  hardened  nicely  between  iron  plates  whose 
surfaces  are  kept  oiled.  The  saws  should  be  heated  in  such  a  manner 
that  the  fire  does  not  come  in  contact  with  them.  It  is  best  to  heat 
on  a  fiat  plate,  as  the  tendency  to  warp  is  much  less  than  if  laid  on 
an  uneven  surface.  When  the  saw  is  properly  heated,  place  it  on  the 
lower  oiled  plate,  placing  the  other  one  on  it  as  quickly  as  possible; 
hold  the  upper  plate  down  hard  until  the  saw  is  cool.  If  there  are  many 
such  pieces  to  harden,  a  fixture  can  be  made  so  that  one  man  can  handle 
the  saws  and  fixture  alone — otherwise  it  requires  two  operators. 

If  there  are  no  other  means  of  drawing  temper,  the  work  may  be 
brightened  and  drawn  by  color;  but,  if  possible,  do  the  drawing  to  tem- 
per in  a  kettle  or  crucible  of  oil  over  the  fire,  gaging  the  heat  by  a  ther- 
mometer. Much  more  satisfactory  results  can  be  obtained  by  this  lat- 
ter method;  and  if  very  many  pieces  are  to  be  done,  it  will  be  found 
much  cheaper.  A  very  light  yellow  is  430  degrees;  a  straw  color  is 
460  degrees;  a  brown  yellow,  500  degrees;  a  light  purple,  530  degrees. 
A  milling  machine  cutter  for  ordinary  work  should  be  drawn  to  430 
degrees;  a  punch-press  die  to  500  degrees;  the  punch  to  530  degrees, 
and  metal-slitting  saws  to  530  degrees. 
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CHAPTER  III 


PACK-HARDENING  GAGES* 

Pack-hardening,  as  the  term  is  generally  applied,  consists  in  treat- 
ing steel,  generally  tool  steel,  with  some  carbonaceous  material  until 
it  will  harden  in  oil.  It  is  well  known  that  steel  hardened  in  oil  is 
less  liable  to  spring  than  when  hardened  In  water.  The  tendency  to 
crack  is  almost  entirely  done  away  with,  unless  the  steel  is  improperly 
treated  In  the  fire,  and  has  the  maximum  of  toughness.  Now,  If  we 
are  able  to  treat  the  steel  so  that  It  will  be  as  hard  as  though  dipped  In 
water,  and  yet  have  the  toughness  due  to  oll-hardenlng,  and  at  the 
same  time  reduce  the  tendency  to  spring  to  the  minimum,  It  would 
seem  that  we  have  the  Ideal  miethod  of  hardening. 

The  process  consists  essentially  In  supplying  the  surface  of  the 
steel  with  an  additional  amount  of  carbon  by  some  material  that  will 
not  In  any  way  injure  the  steel.  In  order  to  provide  the  additional 
carbon,  the  steel  must  be  packed  In  Iron  hardening  boxes  with  the 
carbonizing  material.  Some  have  used  charcoal  for  this  purpose. 
While  charcoal  is  a  carbonizing  agent,  and  Is  used  many  times  In 
case-hardening  machinery  steel,  and  also  in  the  cementation  process 
for  converting  wrought  Iron  Into  steel,  yet  Its  effect  on  high-grade  steel 
in  the  process  of  carbonizing  Is  not  satisfactory,  as  It  renders  the  steel 
coarse,  and  very  similar  to  blister  steel.  No  form  of  bone  should  be 
used  when  pack-hardening  tool  steel,  as  bone  contains  a  high  percent- 
age of  phosphorus,  and  the  effect  of  this  is  to  make  steel  weak  and 
brittle. 

For  steel  that  does  not  contain  more  than  1%  per  cent  carbon  (125 
points),  charred  leather  gives  the  best  results.  Above  this  percentage 
use  charred  hoofs,  or  horns,  or  a  mixture  of  the  two.  The  leather, 
hoofs,  or  horns,  may  be  used  over  and  over  by  adding  a  quantity  of 
new  material  each  time. 

The  work  should  be  packed  In  the  hardening  boxes  so  that  no  part 
of  any  piece  of  work  comes  In  contact  with  the  boxes;  In  fact,  there 
should  be  at  least  %  inch  space  between  the  work  and  the  box. 
A  layer  of  the  carbonizing  material  should  be  placed  In  the  bottom 
of  the  box,  and  a  layer  of  work  placed  on  this,  taking  care  that  no 
two  pieces  touch  each  other.  If  we  are  treating  gages,  or  pieces  of 
steel  that  are  apt  to  spring  unless  care  is  used,  we  should  make  sure 
that  they  are  so  placed  In  the  box  that  there  will  be  as  little  liability 
of  springing  as  possible  when  they  are  drawn  up  through  the  packing 
material.  They  must  not  be  dumped  Into  the  hardening  bath,  as  is 
the  case  when  ordinary  case-hardening  Is  done. 

In  order  to  be  able  to  properly  handle  the  work,  each  piece  should 
be  wired  with  a  piece  of  iron  binding  wire,  as  shown  In  Fig.  5,  and 


•  Machinery,  June,  1908. 
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the  pieces  so  placed  in  the  box  that  there  will  be  the  least  resistance 
possible  when  drawing  them  out.  At  times  they  may  stand  on  edge, 
as  shown  in  Fig.  5.  For  certain  shapes,  however,  it  is  advisable  to 
stand  them  on  end. 

When  several  layers  of  work  are  packed  in  a  box,  the  wires  should 
be  so  arranged  around  the  edge  of  the  box  that  the  various  layers  may 
be  taken  out  in  order,  commencing  with  the  top  row.  This  is  easily 
accomplished  by  marking  the  sides  of  the  box  with  chalk,  designating 
the  Bide  where  the  top  row  of  wires  is,  as  1,  the  one  where  the  second 
row  is,  as  2,  and  so  on.  Unless  we  adopt  some  such  method,  the  pieces 
get  all  mixed  up,  and  some  will  be  d^awn  to  the  surface  of  the  packing 
material,  and  will  cool  before  the  operator  has  a  chance  to  dip  them. 

As  in  all  heat  treatment  of  tool  steel,  the  heats  should  be  as  low  as 
is  consistent  with  desired   results,  and  the  heats  must  be  uniform 
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throughout  the  box.  It  is  also  necessary  that  we  gage  the  length  of 
time  the  steel  is  exposed  to  the  action  of  the  carbonaceous  material. 
Unsatisfactory  results  follow  any  attempt  to  gage  the  length  of  time 
by  the  time  the  boxes  are  in  the  furnace.  .  In  order  that  the  operator 
may  know  when  the  contents  of  the  box  are  heated,  holes  are  drilled 
through  the  cover  of  the  box  at  the  center,  and  test  wires  are  run 
down  to  the  bottom  of  the  box,  as  shown  in  Fig.  6.  These  wires 
should  project  about  one  inch  above  the  top  of  the  cover.  The  holes  in 
the  cover  may  be  of  any  size  to  accommodate  the  wire  to  be  used;  a 
good  size  is  1/4-inch  holes  and  3/16-inch  wire.  When  the  box  has  been 
in  the  fire,  according  to  the  judgment  of  the  operator,  until  the  con- 
tents are  heated  to  a  low  red,  a  wire  may  be  drawn,  by  means  of  long 
tongs,  and  its  condition  noted;  if  it  is  red  hot,  begin  timing  the  heat; 
if  it  is  not  red,  wait  a  little  while,  and  drawn  another.  Continue  do- 
ing this  until  one  is  drawn  that  is  of  the  desired  temperature.  The 
wires  passing  down  at  the  center  of  the  box,  and  between  the  pieces, 
will  not  be  red  until  the  pieces  are  of  the  same  temperature. 

The  length  of  time  necessary  to  expose  the  pieces  to  the  action  of 
the  heat  depends  upon  how  deep  we  wish  to  harden  the  steel.  For 
ordinary  snap  gages  1^  to  2  hours  after  the  steel  is  red-hot  is  suffi- 
cient, but  the  time  must  be  varied  according  to  the  percentage  of  car- 
bon that  the  steel  contains  and  its  intended  use. 
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Sometimes  locating  gages  are  made  with  the  gaging  holes  made  to  the 
finished  size  of  the  gage.  .This  method  is  not  to  be  advocated  where  it 
is  possible  to  use  hardened  bushings.  In  the  latter  case,  the  holes  in 
the  gage  may  be  made  of  the  proper  size  for  the  bushings,  and  the  gage 
left  soft,  while  the  bushings  are  hardened,  ground  and  lapped,  and 
pressed  into  place  without  any  tendency  to  distort  the  gage.  But  when 
it  is  necessary  to  make  the  gage  of  one  piece,  and  have  the  gaging 
holes  to  size  in  the  gage  without  bushings,  then  the  pack-hardening 
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method  will  be  found  to  work  satisfactorily,  as  the  heats  may  be  very 
low,  and  the  tendency  to  distortion  will  be  eliminated,  provided  the 
processes  of  annealing  and  machining  have  been  properly^  done. 

As  an  example  of  pack-hardening  gages,  a  case  from  practice  may  be 
cited.  The  gage  was  of  the  form  shown  in  Fig.  7,  and  it  was  necessary 
that  the  walls  of  the  opening  through  the  gage  be  hard,  yet  the  open- 
ing must  retain  its  shape.  The  hole  was  filled  with  finely  pulverized 
charred  leather;  the  handle  and  the  portion  connecting  it  with  the 
body  were  covered  with  fire  clay  which  was  wound  with  fine  iron  bind- 
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Ing  wire  to  prevent  it  falling  away  when  baked.  *The  gages  were 
packed  In  scale  collected  in  the  forge  shop.  This  scale  came  from 
the  outside  of  pieces  of  iron  and  steel  as  they  were  being  forged. 
Being  free  from  carbon,  they  absorbed  or  took  the  carbon  from  the 
surface  of  the  steel.  The  ends  of  the  opening  through  the  gages  were 
covered  with  fire  clay  mixed  with  water  to  the  consistency  of  dough, 
which  was  allowed  to  harden  before  the  gages  were  packed.  The  fire 
clay  prevented  the  carbon  gas  escaping  from  the  leather,  as  the  scale 
would  have  taken  it  up  very  quickly. 
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When  the  gages  had  been  exposed  to  the  carbonizing  influence  of  the 
leather  for  one  and  one-half  hour,  they  were  •  removed  from  the  box  in 
which  they  were  heated,  placed  In  a  bath  of  raw  linseed  oil,  one  at  a 
time,  and  a  Jet  of  oil  was  pumped  through  the  opening  after  the 
leather  had  been  removed.  The  fire  clay  around  the  handle  and  the 
portion  connecting  it  with  the  body  was  left  on  until  the  gage  was 
hardened,  when  it  was  removed.  The  walls  of  the  hole  were  found  to 
be  hard,  and  as  the  surface  of  the  gage  was  practically  decarbonized, 
there  was  little  danger  of  its  pulling  the  piece  of  steel  out  of  shape. 
The  handle  and  adjoining  portion,  being  protected  by  the  fire  clay, 
did  not  harden,  or  even  cool  quickly  enough  to  distort  the  gaging  por- 
tion in  any  way. 

Many  times  receiving  gages  are  made  of  several  pieces  which  are 
fastened  to  a  plate  as  shown  in  Fig.  8,  which  is  a  receiving  gage  for  a 
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by  the  Pack-hardenUiff  Process 

gun  hammer,  and  it  is  necessary  that  the  various  portions  be  gaged 
accurately,  and  that  each  portion  bear  a  certain  relation  to  every  other 
portion. 

As  shown,  the  various  portions  of  the  gage  are  made  in  sections, 
fitted  in  place  and  hardened.  Unless  these  pieces  are  hardened  by  some 
method  that  eliminates  the  tendency  to  spring,  they  will  be  of  little 
use  after  they  are  hardened.  This  is  a  case  for  pack-hardening. 
Pack  tMe  pieces  in  leather  in  a  small  iron  box,  run  for  one  hour  after 
they  reach  a  low,  red  heat,  and  harden  in  raw  linseed  or  sperm  oil.  It 
will  not  be  found  necessary  to  heat  the  steel  treated  in  this  way  as 
not  as  if  heated  in  an  open  fire  and  dipped  in  water.  It  is  not  neces- 
sary to  heat  steel  in  the  form  of  gages  quite  as  hot  as  if  it  were  made 
into  cutting  tools;  but,  even  in  the  latter  case,  be  sure  to  keep  the 
heat  down,  and  do  not  dip  in  extremely  cold  oil;  have  it  warm»  but 
not  hot. 
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FORGING,  HARDENING  AND  ANNEALING 
HIGH-SPEED  STEEL* 

The  rapid  progress  of  tool  steel  manufacture,  and  particularly  the 
advent  of  high-speed  steel,  makes  it  more  and  more  necessary  for  the 
successful  toolsmith  to  devote  some  of  his  spare  time  to  a  careful 
study  of  the  nature  and  adaptability  of  new  steels  with  special  refer- 
ence to  their  use  in  tool-making.  The  ease  with  which  high-speed  steel 
may  be  forged,  shiM;)ed  and  hardened  permits  its  use  in  the  construc- 
tion of  many  tools  and  dies.  Hence,  we  not  only  find  it  in  use  in  the 
machine  shop  for  cutting  tools,  but  in  the  press  room  for  the  construc- 
tion of  forming  dies  for  hollow  ware;  also  for  wire-forming  dies,  and 
in  the  bolt  mill  for  bolt-heading  dies  on  hot  work.  It  is  used  for 
shearing  dies  for  hot  and  cold  bar  work  and  for  many  other  pur- 
poses unthought  of  in  connection  with  air-hardening  steel.  But,  un- 
fortunately, owing  to  the  number  of  different  makes  of  alloy  steel 
now  in  use,  no  standard  rule  can  be  adopted  for  manipulation.  There- 
fore, in  order  to  determine  the  proper  forging  and  hardening  heats,  it 
must  be  a  matter  of  experiment  for  the  toolsmith,  and  he  will  find  it 
a  very  good  method  to  test  the  particular  brand  he  is  about  to  use  by 
giving  a  piece  of  it  as  much  heat  as  he  thinks  the  steel  can  properly 
stand  and  noting  the  result 

Forging  High-speed  Steel 

The  majority  of  the  high-speed  alloy  steels  should  be  heated,  when- 
ever possible,  in  block  fire  with  a  good  body  of  forge  coke.  Thoroughly 
heat  the  steel  in  a  clean,  bright  fire  to  a  full  yellow  plastic  heat,  which 
means  a  temperature  of  1650  to  1850  degrees  F.  This,  of  course,  is 
a  much  higher  temperature  than  can  safely  be  used  in  forging  air- 
hardening  or  carbon  steel.  In  fact,  the  heat  treatment  given  alloy 
steels  of  the  high-speed  variety  is  so  diametrically  opposite  the  gen- 
erally accepted  practice  of  working  carbon  steel  that  it  seeme  to  be  a 
difficult  matter  to  persuade  the  average  smith  to  raise  the  heat  to  the 
proper  temperature  when  working  high-speed  steels,  but  when  this 
fact  is  once  impressed,  he  will  be  surprised  at  the  ease  with  which  it 
can  be  worked.  By  rapid  forging  and  repeated  and  thorough  heating, 
it  will  be  found  no  difficult  matter  to  give  alloy  steel  almost  any  de- 
sired shape,  but,  unlike  carbon  steels,  it  will  not  do  to  run  the  heat 
down  low  In  forging,  as  in  such  practice  the  steel  will  most  likely  be 
found  cracked  or  split.  To  heat  thoroughly  and  often  is  the  essential 
point  to  remember. 

•  Mach  INERT,  February,  1006. 


Digitized  by  CjOOQ iC 


20  .V^.  46— HARDENING  AND  TEMPERING 

AnnealinflT  Hierh-speed  Steel 

After  forging  alloy  steel  for  lathe,  planer  and  shaper  tools,  it  is,  of 
course,  unnecessary  to  anneal  them  except  to  let  them  cool  down  in 
the  air  Jn  a  dry  place.  When  cold,  rough  grind  to  a  proper  edge; 
then  they  are  ready  for  hardening,  which  process  will  be  described  later. 
In  making  use  of  alloy  steel  for  taps,  reamers,  twist  drills,  milling  cut- 
ters, or  forming  dies,  it  will  be  necessary  to  anneal  the  forgings  in  order 
to  enable  them  to  be  worked  in  the  machine  shop. 

The  different  sizes  and  shapes  of  this  steel  can  generally  be  pro- 
cured already  annealed  from  the  steel-maker,  but  when  unable  to  obtain 
the  annealed  bar,  and  the  work  is  required  to  be  annealed,  proceed  in 
the  following  manner:  A  very  successful  method  of  annealing  high- 
speed steel,  and  also  self-hardening  steel,  consists  of  placing  the  tool 
in  a  wrought-iron  or  cast-iron  tube,  having  space  large  enough  in  cir- 
cumference and  length  to  accommodate  the  work  and  plenty  of  pack- 
ing material.  One  end  of  the  tube  can  be  threaded  for  a  cast-iron  cap, 
which  can  be  screwed  on  and  off  as  desired;  the  other  end  can  be  per- 
manently fixed  on  the  tube,  as  it  is  generally  only  necessary  to  use 
the  one  end.  Have  a  number  of  %-inch  holes  drilled  in  the  tube,  and 
also  a  few  3/16-inch  holes  in  the  end  caps.  The  idea  of  the  holes  in 
the  tube  is  to  procure  a  vent  for  letting  off  the  gas  which  is  generated 
when  heating  the  packing  material.  The  end  holes  can  be  used  for  a 
number  of  test  wires,  which  can  be  withdrawn  as  the  heating  progresses, 
and  by  this  means  the  operator  will  be  able  to  ascertain  the 'proper 
heat  desired,  which  should  be  a  bright  orange  or  a  trifle  higher,  accord- 
ing to  the  nature  of  the  steel.  When  the  desired  heat  is  reached, 
regulate  the  blast  sufQciently  to  hold  the  muffle  and  its  contents  at  this 
heat  for  a  period  long  enough  to  allow  the  heat  to  thoroughly  penetrate 
the  steel.  Then  the  muffle  with  its  contents  may  be  buried  in  dry  slaked 
lime  or  sawdust  and  ashes,  and  allowed  to  cool  down  slowly.  If  a 
furnace  is  used  for  the  heating,  allow  the  muffle  to  stay  in  until  furnace 
and  all  cools  down,  when  the  steel  will  be  found  quite  easy  to  work  in 
the  machine.  Respecting  this  *'dead  heating*'  in  the  furnace,  unless  the 
steel  is  properly  packed  in  the  muffle  in  order  to  exclude  the  oxygen 
blown  into  the  furnace  by  the  blast,  the  steel  is  apt  to  oxidize  and 
the  carbon  content  thereby  becomes  lowered,  resulting  in  overannealed 
steel.  The  packing  material  used  may  be  any  one  of  several  kinds 
now  commonly  used  for  other  work,  but  charred  leather  gives  the  best 
results,  and  dry,  fine  smith  coal  of  a  good,  clean  quality  is  effective. 

Hardening  High-speed  Steel 
The  hardening  of  high-speed  steel  can  be  done  in  numerous  ways 
according  to  the  requirements  desired  for  the  tool.  For  turning  and 
cutting  tools  for  lathe,  planer,  shaper  and  slotter,  it  will  be  found  a 
good  practice  to  heat  the  nose  of  the  tool  slowly  to  a  bright  red; 
bring  it  rapidly  with  a  good,  quick  fire  to  a  white  fusing  heat,  about 
2200  degrees  F.,  on  the  point,  then  quench  it  quickly  in  oil  and  leave 
until  it  is  cold.  It  must  be  borne  in  mind,  however,  that  when  a  tool 
is  at  this  high  fusing  heat  it  must  not  come  in  contact  with  the  fuel 
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of  the  fire,  as,  should  that  occur,  the  nose  of  the  tool  would  be  ruined 
and  require  considerable  grinding  or  reforglng  Into  shape.  After 
regrinding  the  tool  on  a  wet  stone  it  will  be  ready  for  work  and  should 
give  a  good  account  of  itself,  and  incidentally  reflect  credit  on  the 
smith  who  worked  it. 

The  oil  used  may  depend  on  how  hard  the  tool  is  desired.  We  will 
suppose  it  is  required  "dead"  hard  on  the  cutting  edges;  this  is  as 
hard  as  it  is  possible  to  make  It  for  machine  shop  use  and  still  retain 
suflacient  toughness.  To  obtain  this  result,  after  fusing  the  point  or 
cutting  edges,  quench  quickly  In  thin  lard  oil,  or  for  extreme  hardness, 
quench  the  tool  in'  kerosene  oil,  when  about  the  maximum  hardness 
of  this  steel  may  be  obtained.  In  using  oils,  especially  the  kerosene, 
great  care  should  be  taken,  or  the  oil  may  flame  and  burn  the  operator. 
The  oil  tanks  used  for  hardening  should  be  constructed  preferably  of 
galvanized  Iron,  fitted  with  close-flttlng  covers,  and  provided  with  a 
screen  a  few  Inches  from  the  bottom  on  which  to  rest  the  work  In  order 
to  facilitate  the  quenching  by  allowing  free  circulation  of  the  quenching 
bath  to  all  parts  of  the  tool. 

In  hardening  machine-finished  work,  such  as  dies,  milling  cutters, 
taps,  etc.,  made  from  this  steel,  we  must  proceed  differently,  as  the 
course  described  would  not  answer  for  all  purposes.  All  machine- 
finished  work  Is  to  be  packed  in  muffles  or  Iron  boxes  as  described  for 
annealing,  bringing  the  heat  up  In  a  similar  manner,  and  testing  as 
described.  When  heated  sufficiently,  remove  the  cover  of  the  muffle 
and  quench  the  tool  in  a  bath  of  oil  composed  of  half  parts  each  of 
thin  lard  and  raw  Unseed  oils,  keeping  the  tool  In  motion  while  in  the 
bath  until  It  has  cooled  to  a  little  below  the  boiling  point  of  the  oil. 
Then  It  can  be  removed  from  the  bath  and  left  to  cool  In  a  warm,  dry 
place,  when,  after  being  cleaned  and  polished,  the  temper  may  be 
drawn  to  a  dark  straw  for  general  purposes.  1  may  add  that  It  Is  not 
always  necessary  to  draw  the  temper  on  this  character  of  tools;  neither 
is  it  always  necessary  to  harden  such  tools  as  milling  cutters,  dies, 
reamers,  taps  and  drills  In  the  oil.  Very  often  It  will  be  found  only 
necessary  to  heat  them  to  a  good,  bright  red  heat  about  1500  degrees 
F.  and  lay  them  In  a  cold  blast;  when  cold  they  will  be  hard  enough 
for  ordinary  work.  The  objectionable  feature  of  the  cold-air  blast  for 
such  work  Is  the  liability  of  the  steel  to  scale  on  the  finished  parts,  pos- 
sibly causing  a  slight  loss  In  size,  though  this  seldom  occurs  when 
proper  care  Is  used,  and  the  steel  Is  not  heated  to  a  scaling  point.  The 
cold-air  treatment,  however.  Is  applicable  to  work  such  as  forming  dies, 
wire  dies  and  tools  required  to  withstand  some  shock. 

Sometimes  It  Is  unnecessary  to  pack  the  work,  as  It  may  be  success- 
fully heated  by  just  using  the  tube  and  closing  one  end  only.  Place 
the  tube  in  the  fire  and  the  work  In  it,  bring  It  to  the  required  heat 
with  a  gentle  blast,  and  turn  the  tube  frequently  to  insure  an  even  heat. 
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LOCAL  HARDENING  AND  TEMPERING* 

In  describing  the  shield  process  6r  method  of  local  hardening  and 
tempering  of  tool  steel,  some  of  the  results  of  over  four  years  of  ex- 
perimenting and  practical  application  are  recorded.  The  process  is 
a  radical  departure  from  any  practice  in  use  up  to  the  present  time 
and  acts  on  a  principle  that  appears  not  to  have  been  recognized 
heretofore.  The  wearing  qualities  of  dies  and  tools  so  treated  have 
been  demonstrated  by  every-day  use,  and  the  efBciency  of  these  as 
compared  with  tools  treated  by  the  conventional  processes  is  decid- 
edly superior.  Breakage  is  reduced  to  a  minimum,  both  in  harden- 
ing and  tempering  and  in  use. 

In  using  the  shield  method,  the  same  Judgment  and  common  sense 
must  be  employed  as  in  hardening  by  the  regular  method.  If  the 
hardener  is  hardening  a  piece  that  should  be  dipped  in  clear  water, 
following  the  usual  practice,  it  should  be  dipped  in  clear  water  when 
provided  with  the  shield,  and  allowed  to  cool  with  the  shield  on.  Or, 
if  the  piece  is  complicated  and  of  a  delicate  structure  that  requires 
cooling  in  oil,  the  same  practice  should  be  followed  with  the  covered 
piece,  dipping  it  in  oil  in  the  same  manner.  Again,  if  a  special  bath 
is  required  for  certain  work,  use  the  bath  in  the  same  way  for  the 
shielded  work.  The  results  are  exactly  the  same,  except  th^t  with 
the  shield  method  only  the  parts  exposed  harden,  while  the  parts  cov- 
ered remain  soft  and  in  their  natural  condition. 

Heating 
For  heating  tool  steel  to  be  hardened  by  the  shield  method,  the 
operator  has  the  choice  of  any  fire  he  prefers.  An  open  forge  answers 
the  purpose  for  small  work,  but  the  furnace  is  better  on  account  of 
the  more  even  heat.  A  lead  bath  cannot  be  used  because  of  the  lead 
getting  between  the  covers  and  the  steel  to  be  hardened,  which  will 
cause  an  explosion  when  dipped  into  water.  This  is  not  a  serious 
dra\\back,  as  the  lead  bath  has  no  marked  advantages  over  a  good 
coke  or  gas  furnace.  Moreover,  the  lead  bath  has  a  disadvantage  in 
that  it  leaves  a  thin  film  or  coating  on  the  steel,  which  tends  to  keep 
the  cooling  bath  from  penetrating  to  the  steel  and  cooling  the  piece 
as  rapidly  as  it  would  cool  if  heated  in  a  furnace. 

General  Application  of  the  Shield  or  Cover  Method 

The  shield  method  can  be  applied  to  almost  all  tool  steel.  Any 
brand  or  grade  that  is  desirable  to  use  can  be  handled  in  exactly  the 
same  way  as  without  the  shield.  The  advantage  of  the  shield  is  that 
the  essential  wearing  surfaces  are  hardened,  and  if  these  parts  only 

•  Machinery^  August,  1908. 
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require  hardening,  why  harden  the  piece  all  over?  A  piece  hardened 
all  over  is  weakened  because  of  the  internal  strains  and  stresses 
which  are  likely  to  develop  cracks  and  fractures  and  perhaps  ruin  an 
expensive  part  after  it  has  been  made  all  ready  for  use. 

Gages  of  all  kinds  for  external  and  internal  use  can  be  treated  to 
advantage,  and  many  gages  now  being  made  of  machine  steel  and 
case-hardened  can  be  made  advantageously  of  tool  steel  in  this  man- 
ner, only  the  wearing  parts  being  actually  hardened,  while  the  remain- 
der is  left  soft  Multiple-throw  crank-shafts  for  automobiles  and  high- 
duty  automobile  parts  are  readily  treated  by  the  shield  method  so 
that  the  actual  wearing  parts  are  hardened  while  the  remainder  of 
the  piece  is  unchanged.  Tool  steel  bearings  for  machinery  may  be 
hardened  on  the  inside  only,  whether  the  bearing  is  in  one  piece 
or  is  split  in  two  parts.  Large  rolls  for  rolling  mills  can  be  made 
with  the  Journals  soft  or  partly  soft,  thereby  avoiding  their  break- 
age at  the  shoulders.  Hammer  faces  for  pneumatic  hammers  can 
be  treated  at  the  shank  so  that  the  shank  is  soft  while  the  die  part 
is  hard,  thus  avoiding  the  breakages  now  generally  experienced.  All 
kinds  of  drill  jig  bushings  can  be  hardened,  either  externally  or  inter- 
nally, as  desired.  Shear  blades  and  other  large  pieces  for  similar 
work  can  be  hardened  on  the  cutting  edges  while  the  bulk  of  the  metal 

is  left  soft.  . 

Matericas  Used  for  Shields 

In  practice  the  thinnest  possible  cover  to  accomplish  the  desired 
results  should  be  used.-  Material  thicker  than  0.020  inch  for  ordi- 
nary work  is  not  required,  but  not  thinner  than  0.010  inch  for  small 
work  should*  be  used.  The  thickness  that  serves  best  for  average 
work  is  about  0.014  inch.  The  object  of  the  shield  is  to  cool  the  steel 
as  quickly  as  possible  under  the  cover  without  hardening  it  and 
without  leaving  a  line  of  tension  between  the  hardened  and  unhard- 
ened  areas.  The  cover  or  shield  can  be  made  of  any  sheet  iron  or 
sheet  steel;  scrap  pieces,  even  if  rusty,  answer  the  purpose  satis- 
factorily. Galvanized  iron  or  tin  plate  should  not  be  used,  as  the 
coating  of  zinc  or  tin  when  heated  enters  the  steel  and  deteriorates  it. 

The  shields  or  covers  are  made  in  different  ways  to  suit  the  condi- 
tions. Some  are  made  with  top  and  bottom  pieces  with  another  strip 
or  piece  for  the  edge  to  act  as  a  binder  to  hold  the  top  and  bottom  in 
place  and  to  protect  the  edges  of  the  piece.  Some  shields  are  made 
in  one  piece  where  the  shape  is  not  irregular.  This  applies  In  the 
case  of  round  drawing  dies  and  similar  parts.  In  such  cases,  of  course, 
the  shield  is  formed  to  shape  by  cutting  and  bending.  Where  an 
irregular  shape  is  to  be  cut  out,  the  piece  to  be  hardened  is  laid  on 
the  sheet  metal  and  the  outline  scratched  on  it.  The  shape  is 
cut  out  with  a  chisel,  leaving  a  margin  of  the  required  width  around 
the  edges  that  are  to  be  hardened.  The  width  of  this  margin  depends 
on  the  size  of  the  part  and  the  nature  of  the  work.  A  pair  of  hand 
shears  or  snips,  a  small  chisel,  a  scriber,  hammer,  punch  and  pliers 
are  the  principal  tools  necessary.  A  supply  of  sheet  metal,  rivets, 
and  iron  binding  wire  completes  the  outfit. 
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How  the  Shield  Method  Diflfers  from  Other  Protective  Methods 
Mechanical  journals  and  books  on  shop  practice  have  not  hitherto 
treated  of  this  method,  although  other  methods  very  similar  have 
been  described.  There  are  several  methods  moderately  successful  for 
local  hardening  and  tempering,  one  being  by  dipping  the  piece  part 
way  into  a  bath,  a  practice  that  is  commonly  followed  in  hardening 
chipping  chisels.  Another  method  is  holding  a  heated  piece  over 
and  above  the  bath  and  directing  a  stream  of  water  onto  the  part  to 
be  hardened.  Large,  round  drawing  dies  having  to  be  hardened  on 
the  inside  are  examples  of  this  practice,  a  cone-shape  spout  being 
used  at  the  bottom  of  the  pipe  to  deflect  the  stream  into  the  interior 
of  the  die.  A  third  method  is  that  of  making  a  box  or  form  of  heavy 
steel,  cutting  or  drilling  out  the  shape  of  the  piece  to  be  hardened. 
A  lid  is  fitted  to  the  box  and  the  piece  is  heated  in  the  fire,  and  after 
being  heated  is  placed  in  the  box  and  quenched.  This  method  is  objec- 
tionable in  that  the  box,  being  made  of  thick  material,  causes  uneven 

A  B  C 

Plff.  9.    Blanking  and  Thraadinff  Dies  in  Protective  Covers 

cooling,  most  of  the  heat  having  to  be  drawn  off  through  the  exposed 
parts  of  the  piece.  A  fourth  method  is  the  use  of  fire-clay  or  asbestos 
wrapped  around  the  parts  to  be  left  soft,  the  holes  being  plugged  with 
fire-clay,  asbestos  or  even  putty.  Iron*  wire  is  used  to  wrap  around  a 
non-conducting  material  to  hold  it  in  place.  It  then  has  to  be  baked 
in  an  oven  or  furnace  until  the  moisture  is  dried  out.  Then  the  part 
is  heated  in  the  furnace  to  the  hardening  heat,  and  dipped.  Inasmuch 
as  these  materials  are  poor  conductors  of  heat  and  as  the  heat  must 
be  drawn  quickly  in  order  for  the  steel  to  contract  evenly  with  the 
hardened  or  exposed  parts,  this  method  has  not  been  very  successful. 

A  piece  of  steel  heated  to  a  proper  hardening  heat  and  quenched 
in  a  box  or  shield  of  very  thin  steel  or  iron  material,  will  remain  soft 
because  the  water  cannot  cool  it  directly.  Steam  or  vapor  forms 
between  the  cover  and  the  steel,  driving  the  water  away  until  the 
piece  has  cooled  down.  If  holes  are  cut  through  the  cover  to  let  the 
steam  out  more  rapidly,  that  part  of  the  steel  exposed  will  harden. 
To  show  that  it  is  the  steam  imprisoned  between  the  steel  and  the  shield 
which  is  sufficiently  non-conductive  to  produce  the  difference  be- 
tween hardening  and  annealing,  take  a  round  piece  of  tool  steel  and 
fit  a  cover  tightly  around  it,  leaving  half  of  its  length  exposed.  Heat 
this  piece  all  over  and  cool  all  over.  It  will  be  found  that  the  steel 
has  hardened  its  full  length  under  the  cover,  as  well  as  on  the  exposed 
parts.    The  reason  is  that  when  the  cover  is  tightly  fitted,  no  water 

Digitized  by  CjOOQ iC 


LOCAL  HARDENING  AND  TEMPERING 


25 


can  penetrate  between  the  shield  and  the  steel,  and  hence  no  steam 
is  formed.  The  cover  helng  thin,  the  steel  cools  rapidly  and  harden- 
ing takes  place.  This  proves  that  the  cover  itself  is  a  good  conduc- 
tor of  heat,  and  that  it  is  the  thin  stratum  of  steam  which  will  always 
exist  between  the  cover  and  the  piece  as  ordinarily  fitted,  which  is 
sufficient  to  check  the  hardening  process. 

Examples  of  Work  Locally  Hcurdened 
The  part  shown  in  Fig.  9  at  A  is  on  ordinary  blanking  or  cutting 
die  and  is  an  example  showing  how  any  shape  to  be  hardened  can  be 
outlined  in  the  cover.  The  cover  is  made  in  two  pieces,  the  top  and 
sides  being  one  piece  and  the  bottom  the  other  piece.  The  material 
ot  this  shield  is  No.  26  sheet  steel  and  is  about  0.018  inch  thick. 

The  second  .piece  shown  in  Fig.  9  at  B  is  a  round  threading  die,  and 
the  shield  is  applied  so  that  the  threads  only  are  hardened,  the  ex- 


Plff.  lO.    8qa»r«  Thre»dlnff  Die  and  Preaa  Dlas  with  Covers  In  Place, 
Ready  tor  Hardening 

terior  remaining  soft.  It  illustrates  a  very  practical  use  of  the  shield 
method.  The  die  is  split  at  one  point,  being  of  the  adjustable  type. 
Inasmuch  as  only  the  teeth  are  hardened,  there  is  no  danger  of 
cracking  the  die  in  adjustment,  and  there  is  less  distortion  and  change 
of  pitch.  The  cover  is  made  in  one  piece  and  can  be  used  several 
times  before  being  destroyed  by  the  heat. 

The  third  piece  shown  in  Fig.  9  at  (7  is  a  plain  blanking  die,  but  in- 
stead of  being  hardened  around  the  edge  of  the  cutting  part  as  at  A, 
it  is  hardened  half  the  thickness  of  the  steel,  leaving  the  whole  lower 
half  soft,  this  being  protected  by  the  cover,  while  the  upper  half  is 
hardened.  This  gives  the  die  all  the  advantages  of  a  die  made  of  com- 
posite steel,  a  material  that  is  made  of  half  tool  steel  and  half  soft 
steel  or  Iron  welded  together.  This  material  is  extensively  used  on 
small  die  work,  but  the  shield  method  makes  its  use  unnecessary  as 
all  its  advantages  are  obtained  very  simply,  without  the  risk  of  split- 
ting at  the  weld,  as  sometimes  happens  with  composite  steel. 

A  square  threading  die  is  shown  in  the  shield  at  A  In  Fig.  10,  and 
the  same  remarks  apply  in  regard  to  distortion  and  change  of  pitch 
as  in.  the  case  of  the  round  threading  die.  At  B  is  shown  a  press 
die  in  its  cover  ready  to  be  hardened.  The  exposed  portion  is  not 
large  in  proportion  to  the  size  of  the  die,  but  it  will  harden  just  as 
well  as  if  there  were  a  half-inch  margin  exposed  all  around  the  edge. 
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The  cover  is  held  on  by  iron  wire.  Brass  wire  or  rivets  should  not 
be  used,  as  the  heat  destroys  them.  At  C  is  shown  a  progressive  or 
following  die.  There  is  nothing  of  special  interest  in  the  design,  but 
the  method  of  hardening  a  narrow  ring  around  each  hole  is  unique. 
The  cover  is  cut  out  so  as  to  leave  a  narrow  margin  of  exposed  steel 
around  each  hole.  The  die  is  hardened  exactly  as  the  cover  shows, 
the  remainder  of  the  body  being  as  soft  as  before  dipping. 

Fig.  11,  at  A,  shows  a  forming  die  for  a  drop-hammer.  It  is  8%* 
inches  long,  %  inch  thick  and  4  inches  high,  and  has  been  hardened  ail 
around  the  outline  of  the  top  or  face  for  a  width  of  %  inch.  The 
scale  is  still  on  the  steel  and  no  finishing  has  been  done.  The  cover 
had  two  large  holes  cut  out  to  balance  the  cooling  as  the  narrow  cen- 
ter would  warp  the  bottom.  This  piece  was  hardened  without  warp- 
ing. At  B  is  shown  a  large  blanking  punch  with  the  face  up.  In 
hardening  large  punches  it  is  only  necessary  to  harden  an  area  around 


A  B 

Piff.  11.    Drop  Hammer  Di«  and  Panch  wltli  Shields 

the  cutting  edge.  The  steel  plate  or  cover  on  the  face  of  the 
punch  is  0.020  inch  thick  and  was  held  to  the  face  of  the  punch  by 
three  3/16  inch  screws,  holes  being  drilled  in  the  face  of  the  punch 
to  correspond.  This  is  a  good  example  of  cover  hardening  and  demon- 
strates its  value,  as  the  punch  retains  its  shape  perfectly  after  being 
dipped. 

Two  drawing  dies  are  shown  in  Fig.  12  with  the  covers  on  ready 
to  harden,  and  a  third  die  Is  shown  without  a  shield.  These  shields 
are  made  in  one  piece  and  can  be  used  over  again.  A  drawing  die 
needs  to  be  made  as  hard  as  possible,  and  yet  when  a  die  is  hard- 
ened all  over  It  is  necessary  to  draw  the  temper  in  order  to  relieve 
the  Internal  strains.  By  the  shield  method  the  working  part  is  made 
as  hard  as  it  can  be  made  while  the  soft  part  gives  it  a  suitable 
backing  and  strength.  The  shrinkage  can  be  regu'ated  by  the  thick- 
ness of  the  shield  or  by  putting  vent  holes  around  its  edges.  The 
vent  holes  let  out  the  steam  and  cause  the  shielded  part  to  cool  more 
rapidly.  Dies  hardened  by  the  shield  process  can  be  shrunk  repeatedly 
to  take  up  the  wear. 

A  reverse  drawing  die  6  inches  outeide  diameter,  5  inches  inside 
diameter,  with  a  hardened  ring  riveted  to  the  top  or  wearing  edge  is 
shown  in  Fig.  13  at  A.  At  B  is  illustrated  the  method  of  hardening 
the  ring,  leaving  the  shoulder  or  bottom  edge  soft  by  covering  it  with 
a  shield  of  thin  steel.    The  ring  can  be  fitted  after  hardening,  driven 
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on  a  shoe  and  holes  drilled  through  from  outside  of  the  machine  steel 
shoe,  and  riveted.  The  hardened  portion  %  then  ground  to  size.  If 
the  top  rings  were  welded  to  the  shoe  it  would  have  to  be  discarded 
when  worn  down. 

In  Fig.  14  is  shown  an  embossing  die  made  of  tool  steel.  It  is  8V2 
inches  in  diameter  and  3  inches  thick.  This  die  was  covered  on  the 
bottom  and  sides  with  No.  25  sheet  steel,  0.020  inch  thick,  and  placed 
in  a  basket  or  hanger  so  that  it  could  be  immersed  by  a  tackle.    The 


Pig.  12.    Two  Drswtnff  Dies  Prepared  for  Local  Hardentnir  ^^^^  One  Without  Cover 

embossed  part  was  filled  with  bone  dust  for  protecting  it  in  the  fire, 
but  charcoal  or  any  suitable  filling  will  dp  as  well.  When  covering 
shallow  dies,  the  top  edge  should  be  left  standing  about  half  an  inch 
above  the  face  of  the  die  instead  of  being  folded  over,  as  shown  in 
the  illustration.  This  face  is  filled  in  as  described  above,  as  the  filling 
will  protect  the  face  of  the  die.  It  should  be  left  in,  when  dipped, 
and  the  die  should  be  suspended  face  up  and  about  3  inches  below 
the  water  level,  while  a  stream  of  water  of  large  volume  but  low- 
pressure   is  directed   against   the   center  of  the  die   while  the  die   is 


Fi«.  18.    Reverse  DrawSnff  Die  Flu.  14.    Bmboasinff  Die 

moved  around  in  the  tank.  This  can  be  done  with  one  hand  holding 
the  tackle,  while  the  other  hand  directs  the  stream.  The  filling  or 
packing  will  fioat  away,  leaving  the  surface  of  the  die  clean.  A  %-lnch 
hose  without  nozzle  is  about  right  for.  ordinary  work. 

In  this  connection  it  may  be  mentioned  that  a  skeleton  platform 
with  hanger  is  an  advantage  for  handling  large  work,  as  any  piece  too 
large  for  tongs  can  be  placed  on  the  platform  and  lowered  into  the 
tank.     It  may  be  cooled   from   the  bottcm,   if  necessary^s   well  as 
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from  the  top.  Some  shapes  give  better  results  If  covered  only  on  the 
sides,  leaving  the  top  and  bottom  exposed.  The  hanger  gives  the  bot- 
tom a  chance  to  cool  off,  but  not  as  rapidly  as  the  top  on  which  the 
stream  of  water  is  directed.  This  method  is  an  imporevement  over 
the  present  way  of  hardening  drop  forging  dies,  this  class  of  harden- 
ing being  regarded  as  very  difficult  where  the  shapes  are  irregular 
and  the  thickness  of  the  walls  uneven.  It  will  apply  to  all  deep  or 
hollow  dies. 


Fig.  15.    Blanking  Die  and  Punch 

To  the  left  in  Fig.  15  is  shown  a  blanking  die  ll^^  inches  inside 
diameter,  1%  inch  thick  and  1^  inch  width  of  walls.  This  die  is 
covered  and  hardened  in  the  regular  way.  The  temper  is  drawn, 
after  which  it  can  be  placed  in  the  lathe  and  trued  up.  The  outside 
is  as  soft  as  it  was  .  before  dipping.  Obviously,  this  die  is  much 
stronger  than  one  hardened  all  over.  At  the  right  is  shown  a  blank- 
ing punch  111^.  inches  outside  diameter,  1^  inch  thick,  with  walls 
1^  inch  wide.  It  is  hardened  on  the  outside  only  and  the  temper  is 
drawn.    The  inside  is  as  soft  as   before   hardening,   and   is  made   a 


A  B  c 

Fig.  16.    Samples  of  Lattae  Toola  with  Shields 

driving  fit  on  a  cast-iron  holder.    The  fit  can  be  made  a  very  tight 
drive  without  danger  of  cracking  the  ring. 

Fig.  16  shows  the  application  of  the  shield  method  to  hardening 
lathe  tools.  At  A  is  shown  a  right-hand  side  tool  of  carbon  steel  hard- 
ened on  the  cutting  face  only,  the  back  being  left  soft.  The  cutting 
edge  can  be  left  much  harder  than  usual  without  danger  of  weaken- 
ing the  tool.  -At  B  is  shown  a  self-hardening  tool  that  has  been  heated 
up  to  the  proper  temperature  without  cover,  and  the  cover  applied 
to  the  tool  before  dipping  in  oil.  This  method  works  equally  well 
on  air-hardened  tools,  the  cover  being  put  on  before  holding  the  tool 
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in  the  air-blast.  The  breakage  of  self-hardening  steel  tools  is  an  expen- 
sive item  and  usually  amounts  to  more  than  the  actual  wear  of  the 
tools,  but  if  they  are  made  with  a.  soft  back  or  partly  soft  back  and 


Fiff.  17.    Ml8C«llan«ons  Examples 

with  only  the  working  parts  hard,  as  will  be  the  case  with  the  shield 
process,  the  tool  is  much  stronger,  and  is  much  less  liable  to  fracture 
in  service.  At  C  is  a  half  diamond  point  lathe  tool  which  is  hard- 
ened only  on  the  working  face.     The  sheet  covers  can  be  applied  to 


Fiff.  18.    Qroup  of  Large  Dies  and  Covers 

any  shape  of  lathe  or  planer  tool  by  any  one  of  ordinary  mechanical 
skill. 

In  Fig.  17  a  ball-peen  hammer  is  shown  made  ready  for  harden- 
ing; the  eye  for  the  handle  is  not  filled,  but  is*  covered  with  a  shield 
of  steel  wrapped  around  the  part  to  be  kept  soft.    The^eye  will  not 
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harden,  as  the  heat  of  the  steel  Inside  of  the  cover,  when  dipped,  cre- 
ates steam  which  drives  the  water  back  until  the  heat  Is  reduced.  The 
milling  cutter  in  this  illustration  is  shielded  with  two  circular  plates 
0.020  inch  thick,  and  the  hole  in  the  center  is  not  filled.  The  disks 
of  sheet  metal  are  held  together  by  iron  wire,  and  any  desired  area 


Fig-  19.    Another  Oroap  of  Large  Dies 

on  the  sides  of  the  cover  can  be  left  soft  by  making  the  size  ^  the 
disks  to  suit.  This  is  far  better  than  the  heavy  plates  that  are  gener- 
ally used,  as  the  heat  is  dra\\n  off  more  rapidly,  leaving  less  internal 
stresses  in  the  steel.  The  tap  shown  has  been  hardened  on  the  teeth 
only,  the  body  and  shank  being  shielded  so  that  they  are  left  soft. 


FlfiT.  20.    Miscellaneous  Collection  of  Sblelds  or  Covers  Showlnir  Ranffo  Ot  Application 

Taps  hardened  in  this  manner  are  truer  in  the  pitch  and  the  size  is 
less  likely  to  be  changed  than  If  hardened  all  over.  The  preparation 
of  the  cover  took  less  than  5  minutes'  time,  only  two  strips  of  sheet 
steel  and  a  short  section  of  iron  binding  wire  being  required.  Flat 
drills  are  hardened  on  the  point  and  sides  only,  the  center  being  left 
soft.     Such  drills  will  not  snap  off  short  when  caught  in  the  work,  but 


Digitized  by 


Google 


LOCAL  HARDENING  AND  TEMPERING  31 

will  bend  before  breaking.  The  shield  consists  simply  of  two  thin 
plates  held  on  by  iron  wire. 

Fig.  18  illustrates  a  group  of  large  dies  and  their  covers.  In  Fig.  19 
is  illustrated  another  group  of  large  dies,  and  in  Fig.  20  is  shown  a 
miscellaneous  collection  of  covers  that  have  been  used  to  shield  work 
from  Va  inch  diameter  to  12  inches  diameter.  The  shields  are  made 
mostly  from  stock  0.010  to  0.020  inch  thick.  Some  of  the  circular 
shields  have  been  in  the  fire  several  times. 

The  shield  method  of  local  hardening  is  applicable  to  a  vast  range 
of  work,  and  the  cutting  tools,  dies,  taps,  gages,  etc.,  locally  hard- 
ened and  tempered,  are  less  likely  to  warp  and  change  in  shape  in 
hardening  and  are  more  durable  in  service  than  when  hardened  in  the 
common  way.  The  application  of  the  shields  is  cheap,  and  any  one 
of  ordinary  skill  is  able  to  cut  them  out  and  apply  them. to  the  work. 
The  saving  in  breakage  alone  will  more  than  pay  the  expenses  of  apply- 
ing the  shields,  while  the  greater  durability  of  tools  so  hardened  makes 
the  process  profitable  to  use. 
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ELECTRIC  HARDENING  FURNACES* 

In  externally-fired  furnaces,  the  heat  losses  are  always  considerable, 
and  only  a  small  part  of  the  energy  used  in  heating  is  utilized  for 
raising  the  temperature  of  the  metal  to  be  hardened.  There  is  also  a 
disadvantage  In  employing  gas  or  oil-fired  furnaces  in  that  the  high 
temperatures  rapidly  destroy  the  crucibles.  Electric  hardening  fur- 
naces, therefore,  possess  marked  advantages  for  this  work  over  the 
various  types  of  externally-fired  furnaces.  The  electric  furnace  de- 
scribed in  the  following  has  been  brought  out  by  the  Allgemeine 
Elektricitats-Gesellschaft  of  Berlin,  Germany.  A  bath  of  melted  metallic 
salts  is  contained  within  a  fire-brick  crucible,  inside  of  which,  at  two 
opposite  sides,  are  fixed  electrodes  of  iron  very  low  in  carbon,  the 
melting  point  of  which  Is  higher  than  that  of  ordinary  steel.  This 
crucible  is  surrounded  by  a  thick  layer  of  asbestos,  which  is,  in  turn, 
imbedded  in  a  layer  of  some  heat-insulating  material,  the  whole  being 
held  together  by  a  steel  case.  The  walls  of  the  furnace  are  made  so 
thick. in  relation  to  the  dimensions  of  the  crucible  that  the  steel  case 
of  the  apparatus  may  be  touched  with  the  hand  without  injury  after 
having  been  in  operation  for  10  hours,  at  a  temperature  of  2370  de- 
grees F.  » 

The  soft  iron  supply  conductors  to  the  electrodes  are  connected  to 
the  secondary  copper  bars  of  a  regulating  transformer  which  trans- 
forms the  normal  voltage  to  the  low  voltage  (5  to  70  volts)  employed 
in  the  operation  of  the  furnace.  A  typical  arrangement  Qf  the  equip- 
ment of  a  large  works  has  the  furnaces  provided  with  a  hood  in  a  cen- 
tral position,  and  a  quenching  tank  immediately  beside  the  furnace  on 
one  side.  By  this  latter  arrangement  the  change  in  temperature  caused 
by  carrying  pieces  from  the  furnace  to  the  water  tank  is  reduced  to  a 
minimum.  The  tank  is  supplied  with  heating  and  cooling  coils  with 
steam  or  cold  water,  so  that  the  temperature  of  the  quenching  bath 
can  be  easily  regulated. 

A  pure  metallic  salt  or  a  mixture  of  several  salts  is  placed  in  the 
crucible  and  melted  by  the  passage  of  an  electric  current.  Potassium 
chloride  which  fuses  at  about  1425  degrees  F.  is  selected  for  carbon 
steel;  for  high-speed  steels,  barium  chloride,  which  fuses  at  1740  de- 
grees F.,  is  employed.  Mixtures  of  these  two  salts  will  give  all  inter- 
mediate temperatures.  For  low  temperatures,  say  between  400  and  750 
degrees  F.,  potassium  and  sodium  nitrates  may  be  used,  and  for  very 
high  temperatures,  magnesium  fiuoride  and  fluorspar.  The  salt  is 
melted  by  a  movable  electrode  and  a  small  piece  of  arc-light  carbon 
placed  in  the  circuit  between  one  of  the  fixed  electrodes  and  the  mov- 
able  one.     Sparking  between   the   carbon   and   the   movable  electrode 

♦  Machinery,  Septembor  and  Dprombpr,  1908. 
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causes  salt  Immediately  adjacent  to  melt  and  very  soon  a  circuit  is 
set  up  through  a  part  of  the  salt  As  the  movable  electrode  is  grad- 
ually drawn  away,  it  leaves  behind  a  streak  of  melted  salt,  which  is 
extended  by  degrees  to  the  opposite  electrode.  When  this  point  is 
reached,  the  fusion  of  the  remainder  of  the  salt  proceeds  at  a  rapid 
rate.  The  temperature  produced  depends  on  the  voltage  employed, 
and  may  be  varied  by  changing  the  intensity  of  the  current,  which  is 
accomplished  by  means  of  a  regulating  transformer. 
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Flgr-  31-    Arrangemeot  of  Crucible  and  Electrodes  for  Electrically 
Heated  Hardening  Furnace 

Even  at  a  temperature  of  2400  degrees  F.,  attainable  in  laboratory 
tests  but  not  usually  employed  in  commercial  hardening,  the  damage 
to  the  crucibles  of  the  electric  furnace  is  very  small.  Working  ten 
hours  a  day  with  this  temperature,  a  crucible  will  last  six  months, 
and  for  ordinary  hardening  temperatures,  fifteen  months. 

The  hardening  process  used  by  the  firm  of  Ludwig  Loewe  &  Co., 
Berlin,  consists  of  an  electrically  heated  barium  salt  bath,  the 
arrangement  of  the  crucible  and  the  electrodes  being  as  shown  In  Fig. 
21.     By  means  of  this  process,  it  has  been  possible  to  harden  large 
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milling  cutters  in  about  half  an  hour,  including  the  time  for  pre- 
heating, which  takes  the  greatest  part  of  the  time.  Bringing  the 
cutters  up  to  a  temperature  of  750  degrees  F.  constitutes  this  pre- 
heating. After  that,  it  takes  only  about  a  minute  to  bring  an  average- 
sized  cutter  to  1400  or  1500  degrees  F.,  and  then  another  minute  to 
bring  it  up  to  about  2370  degrees  F.,  which  is,  "by  this  firm,  consid- 
ered "the  right  hardening  temperature.  The  time  stated  above  refers 
to  average-sized  and  heavy  milling  cutters,  whereas  it  only  takes  from 
6  to  10  minutes  to  bring  a  small  milling  cutter  to  the  right  tempera- 
ture in  the  electrically  heated  salt  bath. 

The  advantage  of  electrically  heated  salt  baths  is  stated  as  being 
the  total  absence  of  any  scale  on  the  tool  thus  hardened,  and  that  the 
tools  are  not  distorted  in  the  hardening  process.  The  bright  appear- 
ance is  retained  by  the  hardened  tool,  so  that  it  Is  sometimes  difficult 
to  tell  from  the  appearance  whether  a  tool  has  been  hardened  or  not. 

In  regard  to  cooling  the  cutters,  the  firm  of  Ludwig  Loewe  has 
found  that  when  high-speed  steel  tools  are  cooled  in  an  air  blast,  any 
moisture  coming  in  contact  with  the  hot  tool  has  a  tendency  to  crack 
it,  so,  that  it  becomes  necessary  to  dry  the  air  before  it  enters  into 
the  nozzles.  It  has  also  been  found  that  it  is  absolutely  impossible  to 
.cool  a  cutter  which  has  a  very  heavy  body  and  fine  teeth  In  the  air 
blast,  as  the  heat  from  the  central  i)ortlon  is  not  extracted  fast  enough, 
and  therefore  does  not  permit  a  sufficiently  rapid  cooling  of  the  teeth 
to  insure  proper  hardening.  For  this  reason,  the  firm  has  adopted  a 
method  of  cooling  the  cutters  from  the  hardening  heat  of  2370  degrees 
F..  to  a  temperature  of  about  1100  degrees  F.  by  quenching  in  an 
electrically  heated  salt  bath.  After  having  been  cooled  to  about  1100 
degrees  F.  in  the  bath,  the  cutters  are  allowed  to  cool  down  slowly 
in  the  air,  and  the  whole  process  has  the  advantage  of  being  cheap 
and  reliable,  as  well  as  effecting  a  considerable  saving  in  time. 

It  must,  however,  be  understood  that  electrically  heated  barium  salt 
baths  are  advantageous  to  use  only  when  a  large  quantity  of  tools  is 
to  be  hardened,  because  this  method  will  otherwise  prove  expensive. 
It  has  also  been  remarked  that  the  electrically  heated  bath  is  more 
advantageous  for  heavy  than  for  small  tools,  but  it  is  not  clear  why  the 
process  should  be  thus  limited  to  the  former  class  of  tools. 
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CHAPTER  VII 

MISCELLANEOUS  HARDENING  METHODS 
AND  SUOOESTIONS 

The  QAgiDg  of  Heata  for  Hardening* 

It  takes  an  experienced  man  to  gage  the  heat  for  hardening  with 
the  eye,  at  all  times,  and  under  all  conditions,  without  heating  some 
tools  Just  a  little  hotter  than  they  should  he  to  get  the  hest  results. 
There  are  various  reasons  why  heats  are  not  always  gaged  correctly. 
In  the  first  place,  the  man  has  no  gage  to  go  hy,  and  again,  the  light 
conditions,  prevailing  at  the  time,  may  interfere.  This  can  he  over- 
come by  having  shades  at  the  windows,  that  can  be  adjusted.  Some 
times  the  eye  gets  "off-color"  and  needs  rest  for  a  few  minutes.  The 
use  of  the  "magnetic  influence"  in  gaging  the  heats  for  hardening  has 
therefore  a  great  deal  in  its  favor.  This  method  is  practically  new; 
in  fact,  a  great  many  experienced  mechanics,  versed  in  the  handling 
of  carbon  steels,  have  never  heard  of  it. 

We  all  know  that  the  proper  heat  for  hardening  steel  to  get  the 
best  and  most  lasting  results,  is  the  lowest  heat  at  which  the  steel 
will  harden.  How  are  we  to  determine  this?  By  the  use  of  the  mag- 
netic needle,  no  matter  what  the  make,  or  brand  of  steel.  The  gaging 
of  heats  by  the  magnetic  needle,  is  done  in  such  a  way  that  every 
piece  can  be  tested;  or  one  may  test  every  second,  or  third  or  fifth 
piece,  or  only  the  first  piece  and  then,  noting  the  color  very  carefully, 
harden  several  pieces  and  make  no  mistake.  In  general,  the  work  can 
thus  be  carried  on  without  constant  reference  to  the  magnetic  needle, 
provided  the  steel  is  of  the  same  carbon  content,  but  in  all  cases  "^here 
the  carbon  content  changes,  the  test  must  be  made  again. 

Mr.  George  T.  Coles  of  Decatur,  111.,  has  experimented  extensively 
along  these  lines,  and  describes  his  experiments  as  follows: 

"In  starting  my  experiments,  I  bought  a  small  pocket  compass  with 
a  jeweled  pivot  and  needle  stop,  about  2  inches  in  diameter,  and  costing 
a  dollar  and  a  half.  I  got  a  wooden  steel  to  rest  it  on  close  to  the  fur- 
nace, as  shown  in  Fig.  22.  The  stool  and  compass  should  be  set  in  such 
a  position  that  the  natural  swing  of  the  work  back  and  forth  when 
testing,  will  be  in  a  plane  at  right  angles  to  the  needle;  in  other  words 
the  piece  being  hardened  should  be  swung  east  and  west.  By  pass- 
ing the  tool  being  hardened  (in  this  case  a  milling  cutter)  for- 
wara  and  backward  close  to  the  compass,  the  magnetism  of  the  tool 
will  cause  the  needle  to  be  deflected  first  one  way,  then  the  other,  and 
the  tool  will  continue  to  deflect  the  needle  until  the  right  degree  of 
heat  has  been  obtained,  that  is,  the  proper  heat  for  dipping  in  the 
bath.  Briefly,  the  right  heat  is  reached  when  the  tool  loses  its  mag- 
netism.    It  does  not  follow   that  if  the  needle  remains  stationary,  the 


•  Machinbbt^  April,  1908.      . 

Digitized  by  VjiOOQIC 


36 


No.  46^HARDENING  AND  TEMPERING 


first  time  you  test,  that  the  heat  is  right,  because,  aftef  the  tool  has 
reached  a  certain  degree  of  heat  the  magnetism  leaves  the  steel,  so 
there  is  no  influence  on  the  needle,  and  the  steel  may  be  too  hot.  The 
different  carbon  contents  and  different  grades  of  steel  require  different 
degrees  of  heat,  and  the  magnetism  leaves  the  steel  at  a  certain  degree 
of  heat  to  correspond  to  the  different  points  of  carbon  in  the  steel,  and 
in  every  case  this  is  the  proper  heat  for  dipping.  After  testing  until 
the  right  degree  of  heat  is  obtained,  I  put  the  tool  back  in  the  furnace 
for  about  twenty  seconds,  Just  to  even  up  the  heat.     I  then  dip  the 
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Fig.  22.    Teatlnff  a  Mllllnsr  Cutter,  when  Hardenlnff,  by  Swlntrlnff  It  Back  and 
Forth  past  a  Maffcetlc  Needle 

tool  in  a  water  bath  to  set  the  hardness,  and  then  remove  it  from  the 
water  bath  to  a  lard  oil  bath  where  it  remains  until  cold." 

This  method  applies  only  to  tools  that  can  be  heated  all  over,  as  it 
is  obvious  that  heating  a  t<x)l,  say  a  tap,  on  the  end  to  be  hardened 
only,  would  have  a  disturbing  effect  on  the  needle  because  only  part 
of  the  tap  would  be  hot,  leaving  magnetism  in  the. shank.  In  using 
the  magnetic  needle,  if  it  points  due  north  and  south,  a  large  body  of 
metal  would  deflect  the  needle  to  a  certain  extent  from  its  natural 
position,  but  no  matter  what  the  position  of  the  needle,  the  moment 
a  tool  is  held  close  to  it,  it  is  influenced  by  the  tool,  and  will  move 
until  the  right  degree  of  heat  is  reached. 
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HardeniniT  Without  Crackingr* 

The  following  method  for  hardening  punching  dies  is  recommended 
by  Mr.  Frank  E.  Shailor  of  Great  Harrington,  Mass.  He  has  used 
this  method  of  hardening  successfully  for  more  than  a  dozen  years. 

The  first  operation  is  heating.  Do  not  prepare  a  die  for  the  Are  by 
plugging  up  the  screw  holes  with  fire  clay,  for  when  the  die  becomes 
warm  the  water  is  evaporated  from  the  fire  clay,  causing  the  clay  to 
shrink  away  and  allowing  steam  and  hot  water  to  get  in  between  the 
clay  and  hole,  thus  causing  more  trouble  than  if  the  hole  had  been 
left  open  for  the  water  to  flow  freely  through  it.  Place  the  article  in 
the  fire,  with  a  slight  draft  blowing,  and  change  its  position  frequently 
to  insure  uniform  heating.  Too  much  importance  can  not  be  attached 
to  even  heating,  as  this  is  the  ground  work  of  successful  hardening. 
It  should  be  borne  in  mind  that  steel  expands  nearly  one-eighth  inch 
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Flff.  23.    Example  of  Work  which  must  be  Hardened  with  Care  to 
Avoid  CraoldniT 

to  the  foot  when  at  bright  heat.  Therefore,  if  one-half  of  a  die  Is 
dark  red  and  the  other  half  is  bright  red,  it  is  clear  that  one-half  of 
the  die  has  expanded  more  than  the  other  half,  thereby  causing  forces 
to  push  against  each  other.  The  condition  tends  'to  warp  the  die 
while  It  Is  hot;  and  if  the  die  is  dipped  while  in  this  state,  as  is  too 
often  done,  there  will  be  uneven  contraction,  causing  internal  strains, 
strongest  along  the  line  that  divided  the  two  shades  of  red,  and  caus- 
ing a  "set"  In  the  die  that  holds  it  in  a  curved  line  caused  by  one 
end  of  the  die  expanding  more  than  the  other  and  pushing  that  end 
out  of  a  true  line. 

Assume  that  we  are  to  harden  the  punch.  Fig.  23.  We  heat  this 
punch  carefully  and  evenly  in  a  charcoal  fire  or  gas  furnace.  For  a 
bath  we  have  a  tub  of  clear  water.  The  punch  is  removed  from  the 
fire  the  Instant  the  proper  heat  is  attained.  We  now  immerse  the 
punch  in  water,  but  do  not  allow  the  water  to  remain  at  the  same 
level  on  the  punch,  as  this  causes  either  a  crack  or  a  huge  swell.  Now 
place  one  hand  down  in  the  water  and  keep  feeling  of  the  punch.  The 
moment  that  the  punch  Is  not  too  hot  for  the  fingers,  remove  it  from 
the  bath.  Under  no  consideration  allow  the  punch  to  become  cold  in 
-the  bath,  for  this  ^  Just  what  causes  cracks,  for  this  reason:  When 
we  Immersed  the  punch,  the  slender  stem  was  immediately  attacked 


•  Machinery,  February,  1906. 
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by  the  water,  contracted  to  its  normal  size  and  became  cold  and  hard, 
while  the  body  of  the  punch  was  still  red  hot. .  This  caused  a  distinct 
line  between  the  hot  and  cold  portions  of  the  punch  shown  by  the 
imaginary  line  in  Fig.  23.  Now,  as  the  body  of  the  punch  begins  to 
cool  and  contract,  it  is  obvious  that  it  must  be  pulling  away  from  the 
stem,  which  has  already  contracted.  If  a  crack  does  not  appear,  it  is 
no  sign  that  it  will  not  sooner  or  later,  as  there  must  be  a  tremendous 
internal  stress  which  will  crack  the  punch  later,  and  the  operator 
will  be  taken  to  task  for  his  carelessness.  But,  on  the  other  hand,  if 
we  remove  the  punch  as  soon  as  we  can  bear  our  fingers  on  it  in  the 


Flff.  fl4  Flff.  fi5 

Peddstal  Mid  H»Dd  Block  for  Hardening  Thin  8*wa 

bath  (when  it  is  still  so  hot  that  it  steams),  then  the  heat  from  the 
body  of  the  punch  will  run  out  into  the  slender  portion  and  the  con- 
traction will  be  uniform,  excepting  for  the  little  effect  the  atmosphere 
may  have. 

The  above  could  be  summarized  in  a  very  few  words,  thus:  "To 
prevent  dies  from  cracking,  do  not  allow  them  to  become  ^old  in  the 
bath." 

To  Harden  and  Temper  Thin  Circular  Saws  Without  Warping* 
'After  hardening  the  very  thinnest  saws  possible  to  make,  it  is  not 
the  easiest  thing  to  straighten  them,  but  by  employing  the  following 
•  S.  C.  Smith,  Machinery,  May,  1906. 
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method  there  will  be  no  trouble.  It  is  not  necessary  to  use  oil  or 
other  preparation  in  harctoning  the  saws,  but  simply  a  cast-iron  ped- 
estal. Fig.  24,*  through  which  flows  a  stream  of  water  to  keep  it  cold, 
and  the  hand  block.  Fig.  25. 

A  is  the  cast-iron  pedestal,  having  its  base  A'  reduced  by  coring. 
The  top  of  the  pedestal  is  bored  for  chamber  D  and  receives  the  cast 
iron  disk  B,  which  is  faced  parallel  and  pressed  tightly  into  place. 
Before  B  is  pressed  into  place,  however,  holes  for  C  and  E  are  drilled 
and  tapped  into  the  casting  A,  these  holes  being  made  to  receive  brass 
nipples  to  which  are  attached  rubber  hose.  Rubber  hose  is  used  ineis- 
much  as  it  saves  time  in  making  the  connection  at  the  faucet  and  is 
most  convenient  to  take  down.  C,  being  the  inlet,  is  made  larger  than 
the  outlet  E,  thus  causing  the  chamber  D  to  be  constantly  filled  with 
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Flgr-  fl^S*    Method  Used  for  Tamperlnff  Thin  Saws 

water.  The  flow  of  water  can  be  regulated  at  the  faucet,  and  where 
there  is  no  water  faucet  at  the  forge,  a  tank  may  be  improvised  by 
placing  a  pail  of  water  above  the  pedestal,  having  a  nipple  connection 
on  the  side  of  the  pail  one  inch  above  the  bottom.  A  pail  below  the 
pedestal  can  serve  as  a  drip  tank.  In  this  way  a  circulation  of  water 
through  chamber  D  is  assured  and  B  is  kept  cold. 

When  sufficiently  heated,  the  saw  is  laid  on  B  and  the  hand  block  F 
is  instantly  placed  on  top,  thus  cooling  and  pressing  it  flat.  The  hand 
block  should  not  remain  on  the  saw  more  than  five  seconds.  While 
another  saw  is  being  heated  the  operator  removes  the  hardened  saw 
and  any  scale  which  may  have  accumulated.  After  all  the  saws  are 
hardened,  the  hose  and  fittings  are  "shelved'*  until  another  lot  is 
ready. 

The  next  operation  is  the  tempering  of  the  saws.  In  drawing  the 
temper,  use  a  gang  arbor  G,  as  shown  in  Fig.  26,  which  fits  the  hole  in 
the  saws  closely.  Piace  the  saws  on  this  arbor,  as  many  being  put  on 
as  possible,  making  allowance  for  a  polished  washer  and  nut./f.  The 
saws  are  then  clamped  together  by  screwing  up  the  nut  as  tightly  as 
possible. 
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The  saws  should  be  drawn  slowly,  and  should  be  kept  revolving, 
now  and  then  being  dipped  in  water.  This  process  is  continued  until 
the  desired  temper  is  shown  by  the  polished  washer,  which  should  be 
repolished  after  each  operation. 

This  method  is  used  for  .very  thin  saws,  from  0.0035  inch  to  1/64 
inch  thick.  For  saws  1/64  inch  thick,  or  thicker,  it  would  be  advisable 
to  use  oil,  putting  on  just  enough  to  keep  the  top  of  the  pedestal  well 
oiled. 

Hardening'  Shear  Blades 

As  a  rule  the  hardening  of  shear  blades,  such  as  shown  in  Fig.  27, 
is  attended  by  more  or  less  trouble  when  attempted  in  a  shop  not 
specially  fitted  for  it;  yet  if  care  is  exercised  and  a  method  used  which 
is  adapted  to  the  character  of  the  piece,  the  trouble  from  springing 


Flff.  27.    Shear  Blade  to  be 
Hardened 


Imdutnml  Prua.Xr. 


Flff.  28.    Method  of  Dipping  Shear 
Blade  when  Hardenlnsr 


may  be  materially  reduced  in  most  cases.  If  the  blade  is  made  from  a 
comparatively  high  carbon  steel  the  tendency  to  spring  will  be  greater 
than  if  a  low  carbon  steel  is  used;  but  the  blade  will  last  a  great  deal 
longer  if  made  of  high  carbon  steel.  When  heating  for  hardening, 
place  the  blade  in  a  hardening  box  and  heat  this  in  a  furnace,  if  one  is 
at  hand.  In  this  manner  a  uniform  heat  may  be  attained.  If  obliged 
to  heat  in  a  forge  of  the  ordinary  type,  build  a  large,  high  fire,  so  as 
to  have  as  nearly  as  possible  a  uniform  heat.  The  edges  and  comers 
should  be  no  hotter  than  the  balance  of  the  piece,  or  the  uneven  heat 
will  cause  the  blade  to  crack  from  uneven  contraction  when  plunged 
m  the  bath. 

The  bath  used  should  be  brine  which  is  of  a  temperature  of  about 
60  degrees  F.  Grasp  the  blade  by  one  end  with  a  suitable  pair  of  tongs, 
pipping  it  in  the  bath  in  a  vertical  position,  as  shown  in  Fig.  28.  It 
should  be  lowered  slowly  into  the  bath  and  moved  edgewise  while 
being  lowered,  as  shown  by  the  dotted  lines.    This  brings  the  cutting 
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edge  in  contact  with  the  fresh,  cool  contents  of  the  bath  and  allows 
the  steam  which  is  generated  to  pass  from  this  edge  to  the  one  contain- 
ing the  slots.  The  steam  thus  leaves  the  cutting  edge  so  that  it  can  be 
acted  upon  by  the  bath,  and  forms  a  cushion  at  the  otbev  edge,  pre^ 
venting  it  from  hardening  as  rapidly  as  it  otherwise  would,  thus  reduc- 
ing the  tendency  to  springing  to  the  minimum. 

Qpmposition  of  Quenching  Baths  for  Tempering 
Cutting  Tools* 

The  composition  of  a  number  of  baths  for  quenching  and  tempering 
cutting  tools  was  given  by  H.  Le  Chatelier,  in  an  article  in  Revue  de 
Metallurgie.  Fused  nitrates  of  potassium  and  of  sodium  are  too  high 
in  temperature  for  certain  cutting  tools,  as  they  do  not  permit  of  cool- 
ing below  220  degrees  F.  Mixtures  of  nitrate  of  potassium  and  of 
nitrate  of  sodium  can,  however,  be  employed,  and  a  series  of  mixtures, 
fusing  at  different  temperatures,  can  be  obtained.  He  gives  the  follow- 
ing proportions  for  these  mixtures: 

Temperature,  Nitrate  of  Nitrate  of 

Degrees  F.  Potassium.  Sodium. 

280  0  100 

230  20  80 

172  40  60 

137  55  45 

145  60  40 

225  80  20 

335  100  0 

Higher  temperatures  than  400  degrees  F.  cannot  be  obtained  with 
these  mixtures.  At  400  degrees  F.  potassium  nitrate  freely  decom- 
poses, whereas  for  steels  where  without  extreme  hardness  absolute 
absence  of  brittleness  is  necessary,  500  degrees  F.  to  600  degrees  F.  are 
temperatures  more  suitable.  The  following  bath  gives,  on  fusion,  a 
temperature  of  500  degrees  F.: 

Sodium  chloride 1  part 

Potassium  chloride 1  part 

Fused  -calcium  chloride 2  parts 

Hydrated  barium  chloride 1  part 

Hydrate  strontium  chloride 3  parts 

For  a  bath  fusing  at  700  degrees  F.,  the  following  mixture  may  be 
used: 

Hydrated  boric  acid  crystals 1      part 

Silver  sand    1^  part 

Anhydrous  potassium  carbonate 1      part 

Anhydrous  sodium  carbonate 1      part 

When  prolonged  treatment  is  required  a  little  cyanide  of  charcoal 
may  be  added  to  prevent  superficial  decarbonization ;  but  in  view  of 
the  strongly  cementating  action  of  cyanide,  this  salt  must  be  used 
with  caution. 

•  MAcniNERY^  May,  1905. 
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Temper  Colors  and  Temperatures  and  Colors  for  Hardening^ 
The  following  tables  of  temper  colors,  and  teimperattires  and  colors 
for  hardening,  are  published  in  a  booklet  issued  by  the  Halcomb  Steel 
Co.,  Syracuse,  N.  Y.,  and  Chicago,  111.  The  temperatures  tabulated 
are  a  result  of  personal  investigations  made  by  Mr.  Garson  Myers, 
manager  of  the  Chicago  branch ;  a  gas  furnace  equipped  with  a  pyrom- 
eter was  used.  After  the  records  were  made,  they  were  tested  by  two 
experienced  tool  steel  hardeners,  one  using  an  electric  heating  furnace 
with  a  pyrometer  and  the  other  a  magnetic  heating  furnace  also  con- 
nected with  a  pyrometer. 

Heat  Temperatures  and  Colors  for  Hardening 

F'.  Colors. 

Red  heat,  visible  In  the  dark. 
Red  heat,  visible  in  the  twilight. 
Red  heat,  visible  in  the  daylight. 
Red  heat,  visible  in  the  sunlight. 
Dark  red. 
Dull  cherry  red. 
Cherry  red. 
Bright  cherry  red. 
Orange  red. 
Orange  yellow. 
Yellow  white. 
White  welding  heat. 
Brilliant  white. 
Dazzling  white  (bluish  white). 

The  heat  and  temper  colors,  given  below,  to  which  tools  should  be 
drawn,  were  contributed  by  a  hardener  and  temperer  of  long  experi- 
ence, working  on  all  grades  of  tool  steels. 

Heats  and  Temper  Colors  of  Steel 


Degrees  C. 

Degre< 

400 

752 

474 

885 

525 

975 

581 

1077 

700 

1292 

800 

1472 

900 

1652 

1000 

1832 

1100 

2012 

1200 

2192 

1300 

2372 

1400 

2552 

1500 

2732 

1600 

2912 

Degrees  C. 

Degrees  F.            Colors. 

215.6 

420 

Very  faint  yellow. 

221.1 

430 

Very  pale  yellow. 

226.7 

440 

Light  yellow. 

232.2 

450 

Pale  straw  yellow. 

237.8 

460 

Straw  yellow. 

243.3 

470 

Deep  straw  yellow. 

248.9 

480 

Dark  yellow. 

254.4 

490 

Yellow  brown. 

260.0 

500 

Brown  yellow. 

265.6 

510 

Spotted  red  brown. 

.271.1 

520 

Brown  purple. 

276.7 

530 

Light  purple. 

282.2 

640 

Full  purple. 

287.8 

550 

Dark  purple. 

293.3 

560 

Full  blue. 

298.9 

570 

Dark  blue. 

315.6 

600 

Very  dark  blue. 

To  Prevent  Hot  Lead  Sticking  to  Work 
To  prevent  hot  lead  sticking  to  the  work,  mix  common  whiting  or 
cold-water  paint  with  wood  alcohol,  and  paint  the  part  that  is  to  be 


•  Machinery,  December,  IDOS. 
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hardened.  The  hot  lead  will  not  stick,  no  matter  how  long  the  piece 
Is  held  in  the  pot  Water  will  do  as  well  as  alcohol  for  ml:dlng  with 
the  paint,  but  alcohol  is  the  most  convenient,  inasmuch  as  it  can  be 
used  without  waiting  for  the  paint  to  dry.  If  water  is  used,  the  paint 
must  be  thoroughly  dry,  as  otherwise  the  moisture  will  cause  the 
lead  to  fly. 

Hardening  Drop  Forging  Dies^ 

On  the  subject  of  hardening  drop  forging  dies,  Mr.  J.  F.  Sallows  has 
contributed  the  following  to  Machinery: 

Uneven  heating  and  uneven  cooling,  with  consequent  uneven  contrac- 
tion, is  the  cause  of  so  many,  drop  forging  dies  cracking  in  hardening. 
There  is  no  necessity  for  this  trouble  if  the  dies  are  properly  handled. 
If  drop   forging  dies  are  made  from   machine  steel,   they   should  be 


MachintrytN.7% 


Fiir-  20.    Arrsoflroment  of  Brine  Tank  for  HardMxinff 

packed  in  No.  1  raw  bone  and  fine  wood  charcoal,  three  parts  charcoal 
being  used  for  each  two  parts  raw  bone.  They  are  then  heated  in  an 
oven  for  eight  hours,  at  a  temperature  of  1600  degrees  F..  and  are 
then  dipped  the  same  as  described  in  the  following  for  tool  steel.  When 
the  dies  are  made  of  tool  steel,  the  heating  of  the  dies  in  an  open  fur- 
nace, even  if  covered  with  coke,  is  very  injurious  to  the  steel,  as  the 
carbon  is  removed  from  the  surface  of  the  steel,  and  the  dies  will 
not  harden  on  the  outside,  but  will  be  harder  further  in.  This  does 
not  matter  so  much  with  tools  that  are  to  be  ground  to  size  after 
hardening,  but  it  is  poor  practice  with  any  kind  of  tool  steel  tools. 
Tool  steel  dies  should  be  packed  in  fine  wood  charcoal  in  a  box  large 
enough  to  allow  plenty  pf  charcoal  between  the  die  and  the  box  walls, 
say  about  two  inches  or  more.  Seal  the  cover  on  tight  with  asbestos 
cement,  place  the  box  containing  the  die  in  the  furnace,  and,  if  a 
pyrometer  is  attached  to  the  furnace,  hold  the  furnace  at  about  1600 
degrees  F.,  leaving  the  die  in  for  at  least  four  hours.  For  a  small 
die,  shorter  \Mi^  will  be  sufficient,  but  a  die  weighing  50  pounds  or 
more  should  be  allowed  four  hours  to  heat  slowly  and  uniformly.    Then, 


•  MACHiifERT,  January,  1008. 
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instead  of  immersing  the  whole  die  in  a  tank  of  cold,  clear  water,  UaTt" 
two  tanks,  a  large  one  and  a  small  one,  as  shown  n  Fig.  29.  An 
overflow  pipe  or  hose  A  from  the  water  line  B  in  the  large  tank  should 
connect  it  with  the  small  tank  C.  When  ready  to  dip  the  die  D,  place 
the  face  only  in  the  water.  Plenty  of  salt  should  be  well  dissolved 
in  the  water,  about  4  pounds  to  the  gallon;  this  extracts  the  heat  from 


FiiT'  so.    oil  Tank  for  Hardening  Room 

the  die  quicker  than  clear  water,  and  prevents  steam  formation  on  the 
face  of  the  die.  A  water  pipe  E  should  be  carried  in  at  the  center  of 
the  large  tank  at  the  bottom,  and  should  be  supplied  with  water  at 
fairly  high  pressure.  When  placing  the  die  in  the  bath,  open  the 
valve  of  the  pipe  E,  thus  forcing  the  cold  solution  against  the  face  of 
the  die,  while  the  warm  water  passes  into  the  smaller  tank.  The  solu- 
tion collecting  in  the  smaller  tank,  when  cool  enough,  can  be  used  for 
smaller  tools,  and,  when  so  desired,  can  be  run  off  by  outlet  F,    An- 
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other  bath,  in  an  oil  tank,  inside  of  a  water  tank,  as  shown  in  Fig.  30, 
should  be  provided.  The  size  of  the  tanks  must  be  determined  by  the 
size  of  the  dies  to  be  hardened.  Fish  oil  should  be  used  in  this  latter 
tank,  and  the  tank  should  have  two  water  inlets  C,  at  opposite  sides  of 
the  tank,  and  so  arranged  as  to  allow  water  to  flow  around  all  sides  of 
the  oil  tank  as  indicated  in  the  plan  view.  Pipe  D  is  the  overthrow. 
A  coarse  mesh  sieve  E  is  suspended  in  the  oil  tank,  and  held  by  rods  F. 
The  oil  tank  should  have  four  legs  about  6  inches  long,  to  allow  water 
underneath  the  tank.  When  the  die  face  has  been  cooled  in  the  salt 
water  solution,  remove  the  die  quickly  to  the  oil  tank,  and  lower  it 
until  it  rests  on  the  sieve  (see  Q,  Fig.  30).  Let  the  die  remain  in  this 
position  until  cold.    Dies  hardened  in  this  manner  will  not  crack. 

To  Anneal  Spots  in  Hardened  Saws 
An  easy  way  to  anneal  spots  in  hardened  saws  is  to  take  two  pieces 
of,  say,  1-inch  rod  machine  steel  about  2  feet  long  and  bring  the  ends 
thereof  up  to  a  white  heat.  Then,  having  previously  laid  the  saws  on 
a  flat  surface  of  some  sort  and  marked  the  spots  to  be  annealed  with 
a  bit  of  red  lead,  hold  the  heated  end  onto  the  spot  a  fraction  of  a 
minute.    While  one  rod  is  being  used  the  other  is  being  heated. 

Annealing  High-speed  Steel* 

A  cast-iron  box,  large  enough  to  permit  proper  packing  of  the  pieces 
to  be  annealed  is  used.  Charcoal  ashes  or  cast-iron  chips  may  be  used 
for  packing.  Pack  the  work  carefully,  placing  the  larger  pieces  to 
the  outside  of  the  box,  and  the  smaller  pieces  in  the  center.  After 
the  pieces  are  packed,  they  are  then  ready  for  the  furnace.  Heat 
slowly,  raising  the  temperature  to  1470  degrees  F.  (dull  cherry  red). 
Then  hold  the  heat  at  this  point  for  about  5  hours,  and  finally  raise 
the  heat  in  the  furnace  to  1660  degrees  F.  (cherry  red).  Shut  off  the 
fire,  close  the  door,  and  let  the  furnace  cool  for  12  hours.  The  entire 
heating  can  be  done  in  5  hours,  and  the  steel  can  be  worked  as  nicely 
as  any  annealed  by  the  steef  mills.  This  is  not  the  only  method  of 
annealing,  but  it  is  the  best  method  when  the  steel  is  considered. 

Annealing  after  hardening  of  high-speed  steel  can  be  accomplished 
by  the  following  method  in  about  one  hour.  Where  a  change  in  the 
tool  is  required  to  be  done  quickly,  I  often  take  the  tool  and  heat  to 
1290  degrees  F.,  then  let  it  cool  in  the  open  air.  Then  heat  the  tool 
again,  raising  the  temperature  to  1290  degrees  F.  (somber  red),  and 
hold  it  there  for  40  minutes.  It  is  then  taken  from  the  fire,  and  per- 
mitted to  cool  in  the  open  air.  When  one  has  at  one's  disposal  5  hours 
in  which  to  anneal,  however,  the  heat  anneal  is  preferable.  This  is 
done  by  heating  the  tool  or  piece  constantly  for  5  hours.  After  the 
piece  has  been  heated  for  5  hours  at  1290  degrees  F.  or  less,  take  it 
from  the  fire  and  let  It  cool  in  the  open  air.  One  can  also  raise  the 
heat  to  1470  degrees  F.  (dull  cherry  red)  and  put  the  tool  in  lime  to 
cool.  Do  not  raise  the  heat, to  this  degree,  however,  unless  the  piece  is 
to  be  placed  in  lime.    These  methods  are  used  only  where  a  loss  of 


•  C.  U.  Scott,  Machinery,  November,  1907. 
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time  is  to  be  considered.  It  is  possible  to  anneal  high-speed  steel  at 
as  low  a  heat  as  977  degrees  F.,  red  visible  in  daylight,  but  this  heat 
will  not  make  the  steel  very  soft. 

There  is  also  another  method  of  annealing  high-speed  steel.    That  is 
where  a  lead  bath  is  in  use.    Take  the  piece  to  be  annealed  and  place 


3tachineru.X.T, 
Plff.  81.    Cast-iron  Box  In  which  Blades  are  Packed  and  Heated 

it  in  the  lead  while  it  is  at  a  dull  cherry  red.  If  the  lead  is  of  suffi- 
cient bulk  to  hold  the  heat  for  several  hours,  it  will  not  be  necessary 
to  continue  the  heat.  Leave  the  work  in  the  lead  and  remove  it  the 
next  morning,  by  heating  the  lead  again.  Remove  the  tool  as  soon  as 
the  lead  is  hot  enough  not  to  adhere  to  the  work.  Then  dip  the  work 
in  oil,  after  which,  returning  to  the  lead  bath,  the  lead  will  leave  the 


Xachinery.y.Y. 
Fig.  32.    OU  Tank  tor  Hardening  Hack-saw  Blades 

work  if  it  is  removed  just  as  the  oil  bums  off.    After  this  the  piece 
should  be  allowed  to  cool  In  the  open  air. 

Hardening  Hack-saw  Blades  in  Quantities* 

Hack-saw  blades  may  be  hardened  in  large  quantities  by  using  cast- 
iron  boxes  of  the  style  shown  in  Pig.  31  in  which  to  heat  them.  The 
boxes  should  be  large  enough  to  accommodate  about  three  dozen  blades 
placed  on  edge  with  the  back  down.  A  little  charcoal  should  be  used 
at  the  sides  to  keep  the  teeth  of  the  outside  blades  from  coming  in 
contact  with  the  sides  of  the  box.    The  blades  are  then  placed  in  the 


•  James  Cran,  Machinert,  October,  1908. 


Digitized  by  VjOOQ iC 


KmKS  AND  SUGGESTIONS 


47 


muffle  of  a  furnace  and  allowed  to  remain  until  they  have  reached  the 
proper  temperature  for  hardening.  They  can  then  be  removed  with  a 
pair  of  tongs  made  to  fit  the  shanks  on  the  ends  of  the  boxes.  The 
blades  should  then  be  carefully  dumped  on  the  inclined  chute  of  a  lin- 
seed oil  bath  which  is  shown  in  Fig.  32.  The  tank  containing  the 
oil  is  placed  inside  a  wooden  tank  that  is  filled  with  water  which 
keeps  the  oil  from  getting  overheated.  Water  is  supplied  through  pipe 
A,  and  strikes  directly  on  the  lower  side  of  the  chute  down  which  the 
olades  slide  op  their  way  to  the  bottom*  where  they  collect  in  a  wire  or 
perforated  sheet  metal  basket  B,    An  overflow  pipe  C  is  placed  at  one 
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Machinery, N.Y, 
Flff.  88.    Method  of  Hardening  Flexible  Haok-8«w  Blades 

end  of  the  water  tank  to  carry  off  the  warm  water  which  rises  to  the 
top.  The  oil  tank  should  rest  upon  legs  several  inches  long,  so  as  to 
raise  it  above  the  bottom  of  the  water  tank  to  allow  a  free  circulation 
of  the  water.  When  the  blades  are  fairly  cooled  off,  the  basket  contain- 
ing them  can  be  removed  from  the  oil  and  allowed  to  drip  over  the 
tank  until  most  of  the  oil  has  left  the  blades;  they  can  then  be  thor- 
oughly cleaned  by  being  immersed  in  a  soda  kettle  or  by  placing  them 
in  clean  sawdust.  Flexible  blades,  being  hardened  on  the  teeth  only, 
are  treated  differently.  A  fixture  of  the  style  shown  in  Fig.  33  is 
used  for  this  mrethod  of  hardening.  The  blades  are  placed,  back  down, 
between  two  power-driven  rolls  A  which  rotate  in  different  directions, 
and  which  feed  the  blades,  by  friction,  between  two  guides  B  and  past 
the  flame  from  a  gas  torch  which  heats  the  teeth  sufficiently  for  hard- 
ening. A  compressed  air  jet  strikes  the  hot  teeth  immediately  after 
they  pass  the  torch.  The  temper  does  not  have  to  be  drawn, '^except 
at  th§  ends,  which  is  usually  done  with  a  torch. 
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CHAPTER   I 


PRINCIPLES  OF  METAL  SPINNING* 

Metal  spinning,  that  process  of  slieet  metal  goods  manufacturing 
which  deals  with  the  forming  of  sheet  metal  into  circular  shapes  of 
great  variety  hy  means  of  the  lathe,  forms  and  hand-tools,  is  full  of 
kinks  and  schemes  peculiar  to  itself.  It  is  the  purpose  of  this  treatise 
to  give  a  description  of  spinning  in  general,  and  to  outline  some  of 
the  methods  and  tools  used  in  spinning  for  rapid  production. 

The  products  of  metal  spinning  are  used  in  a  great  many  lines  of 
manufacture.  Examples  of  this  work  are  chandelier  parts,  cooking 
utensils,  silver  and  brittania  hollow-ware,  automobile  lamps,  cane- 
heads  and  many  other  sheet  metal  specialties.  Brass,  copper,  zinc, 
aluminum,  iron,  soft  steel,  and,  in  fact  nearly  all  metals  yield  readily 
to  the  spinner's  skill.  At  best  spinning  is  physically  hard  work,  and 
the  softer  the  stock,  the  easier  and  quicker  the  spinner  can  transform 
it  into  the  required  product. 

There  are  *ut  two  practical  ways  of  forming  pieces  of  sheet  metal 
into  hollow  circular  articles:  by  dies  and  by  spinning.  By  far  the 
cheapest  and  best  method  of  producing  quantities  of  this  class  of 
work  is  by  the  use  of  dies,  but  there  are  many  cases  where  it  is  (hi- 
practical  or  impossible  to  follow  this  course.  Dies  are  expensive  and 
there  is  constant  danger  of  breakage,  whereas  spinning  forms  are 
easily  and  cheaply  made  and  are  almost  never  damaged  by  use  be- 
yond a  reasonable  amount  of  wear.  Thus  it  will  be  seen  that  when 
the  production  is  small,  it  does  not  pay  to  make  costly  dies.  Again, 
the  styles  or  designs  of  many  articles  that  are  spun  are  constantly 
being  changed;  if  made  by  dies  each  change  would  necessitate  a  new 
die,  while  in  spinning  merely  a  new  wooden  form  is  required — and 
sometimes  the  old  form  can  be  altered,  costing  practically  nothing. 
Still  other  advantages  of  spinning  are  that  in  working  soft  steel,  a 
much  cheaper  grade  may  be  spun  than  can  be  drawn  with  dies; 
beads  may  be  rolled  at  the  edges  of  shells  at  little  expense;  experi- 
mental pieces  may  be  made  quickly,  and,  added  to  these  features 
comes  the  fact  that  very  difficult  work  that  cannot  possibly  be  made 
with  dies  can  be  spun  with  comparative  ease.  It  must  not  be  con- 
strued from  the  above  that  spinning  is  to  be  preferred  to  die  work 
in  all  or  even  In  the  majority  of  cases,  because,  on  the  contrary,  die 
work  is  a  more  economical  method  of  manufacture,  and  should  always 
be  used  when  possible  on  production  work.  The  cases  already  cited 
are  merely  given  to  point  out  some  'of  the  instances  in  which,  for 
economical  reasons,  spinning  is  to  be  preferred  to  die  work. 


*  Machinbby,  December,  1009. 
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The  Spinningr  Lathe 
The  principal  tool  used  in  the  operation  of  spinning  is  the  spinning 
lathe,  shown  In  Fig.  1<  While  in  many  respects  this  machine  Is  simi- 
lar to  any  other  lathe,  it  is  built  without  back-gears,  carriage  or  lead- 
screw,  is  very  rigid  In  construction,  and,  on  the  whole,  very  much 
resembles  a  speed  lathe.  Like  other  lathes,  the  spinning  lathe  is  fit- 
ted with  a  cone  pulley  (preferably  of  wood,  because  of  its  lightness 
and  gripping  qualities),  allowing  the  use  of  four  or  five  different 
speeds.  Speed  is  an  Important  factor  in  spinning.  Arbitrary  rules 
for  spinning  speeds   cannot  be  given,   as  the  thicker   the   stock  the 


Fig.  1     Spinning  Lathe 

slower  must  be  the  speed;  thus  while  1/32-inch  iron  can  be  readily 
spun  at  600  revolutions,  1/16-lnch  iron  would  necessitate  reducing 
the  speed  to  400  revolutions  per  minute.  Zinc  spins  best  at  from 
1,000  to  1,400  revolutions;  copper  works  well  at  800  to  1,000;  brass 
and  aluminum  require  practically  the  same  speed,  from  800  to  1,200; 
while  the  comparatively  slow  speed  of  300  to  600  revolutions  is  effect- 
ive on  iron  and  soft  steel.  Brittanla  and  silver  spin  best  at  speeds 
from  800  to  1,000  revolutions. 

One  of  the  essential  parts  of  the  spinning  lathe  is  the  T-rest.  The 
base  of  this  rest  is  movable  on  the  ways  of  the  lathe,  and  it  has  at 
the  side  nearest  the  operator,  a  stud  about  four  Inches  in  diameter 
and   six   inches   high,   through   which   is   swiveled   the   T-rest   proper. 
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As  the  illustration  shows,  provision  is  made  for  raising  and  lowering 
the  rest,  and  the  entire  rest  may  be  clamped  in  any  desired  position 
by  means  of  the  hand-wheel  shown  beneath  the  ways.  The  rest  proper 
consists  of  an  arm,  12  to  15  inches  long,  similar  to  a  wood  turner's 
rest,  and  through  the  face  of  this  arm  are  from  twelve  to  sixteen 
closely  spaced  %-inch  holes.  These  holes  are  to  receive  the  pin 
against  which  the  hand  tools  are  held  while  spinning.  The  piQ  is 
three  inches  long  and  of  ^-inch  steel,  turned  down  on  one  end  to 
loosely  fit  the  holes  in  the  rest. 

Another   important  part   of   the   spinning  lathe   is   the   tail-center. 
This  center  is  sometimes  the  ordinary  dead  center  that  is  in  general 


<[ 


Fig.  2.  Revolving  Center 


Flff   3.    Sectional  Spinnlnff  Ohuck 

machine  shop  use,  but  nearly  all  spinners  use  the  revolving  center, 
shown  in  Fig.  2.  The  revolving  center  is  %  inch  diameter  (without 
taper)  and  about  six  inches  long,  and  is  fitted  into  the  socket  in  wJiich 
it  runs;  this  socket  is,  in  turn,  fitted  to  the  taper  hole  in  the  tail- 
stock.  At  the  bottom  of  the  hole  In  the  socket  are  two  steel  buttons, 
hardened  and  ground  convex  on  their  faces.  These  buttons  act  as 
ball  bearings  and  reduce  friction  to  a  minimum. 

Forms  and  Chucks  for  Spinning 
The  shape  of  a  shell  made  by  spinning  is  dependent  on  the  form  or 
chuck  upon  which  the  metal  is  spun.  Forms  are  used  for  plain  spin- 
ning where  the  shape  of  the  shell  will  permit  of  its  being  readily 
taken  from  the  form  after  the  spinning  has  been  completed;  but  when 
the  shape  of  the  shell  is  such  that  it  will  not  "draw,"  as  the  molders 
say,  it  becomes  necessary  to  employ  sectional  chucks,  similar  to  the 
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one  shown  in  Fig.  3.  Generally  speaking,  spinning  forms  are  made 
of  kiln  dried  maple.  After  being  bored  and  threaded  to  fit  the  lathe 
spindle,  the  spinner  turns  the  maple  block  to  agree  with  a  templet 
shaped  in  outline  to  the  sample  shell.  When  no  sample  is  furnished, 
the  templet  must  be  laid  out  from  a  sketch  or  drawing;  in  either 
case  proper  allowance  is  made  for  the  thickness  of  the  stock.  When 
large  quantities  of  shells  are  to  be  spun,  all  alike,  the  form  is  some- 
times made  of  lignum  vitse.  Another  method  is  to  turn  the  maple 
form  small  enough  so  that  one  shell  may  be  spun  and  cemented  to  it 
and  then  this  metal-cased  form  is  used  to  spin  the  balance  of  the 
shells.  For  continuous  spinning,  forms  are  made  of  cast  iron  or  steel, 
which  of  course  makes  a  most  satisfactory,  surface  to  spin  on  and 
gives  indefinite  service. 


]iraeh{nerv,K-T. 


Fig.  4.    Quick  Method  of  Spinning  Difficult 
Shell  Without  Sectional  Chuck 


Fig.  ^.    Spinnlhflr  on 

PlUflfS 


A  sectional  or  "split"  chuck,  as  it  is  sometimes  called,  is,  as  the 
name  implies,  a  spinning  chuck  or  form  which  may  be  taken  apart 
in  sections  after  the  shell  has  been  spun  over  it.  As  before  stated, 
this  class  of  spinning  chuck  is  only  used  when  the  finished  shell  could 
not  be  removed  from  an  ordinary  form  after  spinning.  After  a  shell 
has  been  spun  over  a  sectional  chuck,  the  shell  and  the  sections  of 
the  chuck  are  together  pulled  lengthwise  from  the  core  of  the  chuck. 
Then,  starting  with  the  key  section,  it  is  an  easy  matter  to  remove 
each  section  from  the  inside  of  the  shell.  As  the  sections  are  removed, 
they  are  replaced  upon  the  core,  slipped  under  the  retaining  flange  and 
the  chuck  is  ready  for  spinning  a  new  shell.  The  whole  operation  of 
removing  and  replacing  the  sections  of  a  chuck  takes  less  time  than 
it  does  to  tell  it,  and,  as  the  sections  are  of  different  sizes,  it  is  easy 
to  replace  the  them  in  the  proper  order.  Like  other  forms,  sectional 
chucks  are  made  of  wood  or  metal,  according  to  the  requirements  of 
the  job.  The  core  and  retaining  ring  are  first  made  from  one  piece 
and  then  the  sections  are  turned  in  a  continuous  ring  and  split  with 
a  fine  saw.  In  some  cases  it  is  necessary  to  add  a  small  piece  to  the 
last  section  to  make  up  for  the  stock  lost  in  splitting  the  sections. 
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Another  kind  of  sectional  chuck,  known  to  the  trade  as  a  "plug" 
(shown  in  Fig.  5)  is  used  extensively  in  some  shops  in  cases  where 
the  shell  must  have  projections  or  shoulders  at  both  ends,  and  no 
bottom  to  the  shell  is  required.  In  making  the  plug,  which  is  always 
in  two  parts,  the  first  half  is  turned  to  take  the  shell  from  one  end 
to  the  center  of  the  smallest  diameter.  Into  the  end  of  this  part  is 
bored  a  hole  to  which  is  fitted  the  end  of  the  second  part,  which  is 
afterwards  turned  to  fit  the  shell.  Over  this  two-part  plug  the  shell 
fs  spun;  then  the  bottom  of  the  shell  is  cut  out  and  the  first  half  of 
the  plug  removed,  thus  allowing  the  shell  to  be  withdrawn.  The  first 
part  is  then  replaced  and  the  plug  is  ready  for  use  again.  Fig.  4 
shows  a  method  of  spinning  difficult  shells  that  ordinarily  would  re- 
quire a  sectional  chuck.  The  shell  shown  at  the  left  of  Fig.  4  is  first 
spun  as  far  as  the  bulged  part  on  an  ordinary  form  that  ends  at  this 


Plff«6.    Three  Types  of  FoUowers 

point.  Then  after  annealing,  it  is  replaced  on  the  form  and  while 
another  operator  holds  the  wooden  arm,  supported  with  a  pin  in  the 
T-rest,  the  spinner  forms  the  metal  around  the  bulge-shaped  end  of 
the  arm.  The  arm,  being  stationary  on  the  inside  of  the  shell,  acts  as 
a  continuation  of  the  spinning  form,  and  by  this  method  as  good  a 
shell  is  obtained  as  could  be  spun  with  a  sectional  chuck. 

For  spinning  operations  upon  tubing  or  press-drawn  tubes,  steel 
arbors  are  generally  used.  Tubing  may  be  readily  spun  upon  an  arbor 
and  it  can  be  reduced  or  expanded  to  comply  with  the  shape  of  shell 
required  much  more  quickly  than  the  shell  could  be  spun  from  the 
blank. 

Followers 

For  holding  the  sheet  metal  blank  to  the  spinning  form,  a  block 
of  wood  known  as  the  follower,  is  used  (see  Fig.  6).  Followers  are 
made  to  suit  the  shape  of  the  work  with  which  they  are  to  be  em- 
ployed, always  being  made  with  the  largest  possible  bearing  on  the 
work;  thus  a  shell  with  a  flat* bottom  twelve  inches  in  diameter  would 
be  turned  with  the  aid  of  a  follower  having  an  11%-inch  face,  while 
a  shell  with  a  4-inch  face  would  take  a  follower  with  a  3%-inch  face. 
All  shells  do  not  have  fiat  bottoms,  consequently,  in  spinning  such  as 
do  not.  It  becomes  necessary  to  employ  hollow  followers.  Hollow  fol- 
lowers have  their  bearing  surfaces  turned  out  to  fit  the  ends  of  the 
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forms  with  which  they  are  to  be  used.  In  practice,  the  blank  is  held 
against  the  end  of  the  spherical  form  with  a  small  flat  follower  until 
enough  of  the  shell  has  been  spun  to  admit  of  the  hollow  follower 
being  used.  All  followers  are  made  with  a  large  center  hole  in  one 
end  to  receive  the  revolving  tail-center. 

In  starting  to  spih  a  difficult  shell  it  sometimes  happens  that  the 
necessarily  small  follower  will  not  hold  the  blank.  To  prevent  this 
slipping,  the  face  of  the  follower  is  covered  with  emery  cloth.  Often, 
however,  on  rough  work,  the  spinner  will  not  stop  to  face  the  fol- 
lower, but  will  make  a  large  shallow  dent  at  the  center  of  the  blank; 
the  extra  pressure  required  to  force  the  metal  against  the  form  will 
usually  overcome  the  slipping  tendency. 

Hand  Tools 

Hand  tools,  In  great  variety,  form  the  principal  asset  of  the  spin- 
ner's kit.  Spinning  tools  are  made  of  tool  steel  forged  to  the  re- 
quired shapes,  and  are  hardened  and  polished  on  the  working  end. 
The  round  steel  from  which  they  are  made  varies  from  ^  inch  to 
1%  inch  in  diameter,  according  to  the  class  of  work  upon  which  they 
are  to  be  used.  The  length  of  a  spinning  tool  is  about  2  feet,  and  it  is 
fitted  into  a  wooden  handle  2  inches  diameter  and  18  inches  long, 
making  the  total  length  of  the  handled  tool  about  3  feet,  as  shown  in 
Fig.  8.  As  the  spinner  holds  this  handle  under  the  right  armpit,  he 
secures  a  great  leverage  upon  the  work  and  is  better  able  to  supply 
the  physical  power  required  to  bring  the  metal  to  the  desired  shape. 

The  commonest  and  by  far  the  most  useful  of  the  spinning  tools  is 
the  combination  "point  and  ball"  which  together  with  a  number  of 
other  tools,  is  shown  in  Fig.  11.  This  tool  is  used  in  doing  the  bulk 
of  the  spinning  operations — for  starting  the  work  and  bringing  it 
approximately  to  the  shape  of  the  form.  Its  range  of  usefulness  is 
large  on  account  of  the  many  different  shapes  that  may  be  utilized  by 
merely  turning  the  tool  in  a  different  direction.  Next  in  importance 
comes  the  flat  or  smoothing  tool  which,  as  the  name  implies,  is  for 
smoothing  the  shell  and  finishing  any  rough  surfaces  left  by  the  point 
and  ball  tool.  The  fishtail  tool,  so  named  from  its  shape,  is  used  prin- 
cipally in  flaring  the  end  of  a  shell  from  the  inside,  "spinning  on 
air,"  as  it  is  sometimes  termed.  This  tool  is  used  to  good  advantage 
in  any  place  where  it  is  necessary  to  stretch  the  metal  to  any  extent, 
and  its  thin  rounding  edge  proves  useful  in  setting  the  metal  into 
comers  and  narrow  grooves.  Other  tools  are  the  ball  tool  which  is 
adapted  to  flnlshing  curves;  the  hook  tool,  used  on  inside  work;  and 
the  beading  tool  which  is  needed  in  rolling  over  a  bead  at  the  edge  of 
a  shell  when  extra  strength  or  a  better  finish  is  desired. 

When  much  beading  of  one  kind  is  being  done,  a  large  heavy  pair 
of  round-nose  pliers  (Fig.  10)  with  the  jaws  bent  around  in  a  curve 
and  sprung  apart  enough  to  allow  for  the  thickness  of  the  metal 
proves  to  be  a  handy  tool.  After  the  edge  of  the  shell  has  been  fiared 
out  to  start  the  bead,  the  pliers  are  opened  enough  to  admit  the  metal 
and  then  closed  and  the  stock  guided  around  to  form  the  bead  as  far 
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as  possible.  In  this  way  the  larger  part  of  a  bead  is  rapidly  formed, 
one  jaw  of  the  pliers  acting  as  a  spinning  tool  and  the  other  corre- 
sponding to  the  back-stick.  During  this  operation,  the  pliers  are,  of 
course,  supported  by  being  held  against  the  T-rest. 

Closely  allied  with  these  spinning  tools  are  two  other  tools  (also 
shown  in  Fig.  11)  known  as  the  diamond  point  and  the  skimmer.  The 
diamond  point  is  for  trimming  the  edges  of  the  shell  during  the  spin- 
ning operation  and  for  cutting  out  centers  or  other  parts  of  the  work. 
The  skimmer  is  for  cleaning  up  the  surface  of  a  shell,  removing  a 
small  amount  of  metal  in  doing  so,  the  amount  depending  upon  the 
skill  the  spinner  used  in  the  spinning  proper. 
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Flgr.  11.    Hand  Tools  of  Various  Forms  used  In  Spinning 

When  the  bottoms  are  to  be  cut  from  a  large  number  of  shells  and 
it  is  necessary  that  they  be  cut  exactly  alike,  a  tool  known  as  a  swivel 
cutter  is  used.  This  tool  (see  Fig.  9)  is  simply  an  iron  bar  with  a 
cutter  on  one  end,  which  swivels  near  the  center  around  a  pin  in  the 
T-rest;  thus  by  a  slight  movement  of  the  arm  the  cutter  is  brought 
up  to  the  work,  cutting  a  piece  from  the  shell  of  exactly  the  same  size 
each  time. 

The  Spinning  Operation 

In  order  to  make  clear  the  successive  steps  in  spinning,  let  us 
briefly  consider  the  making  of  a  copper  head-light  reflector,  and  the 
way  the  work  is  handled  when  a  few  hundred  pieces  are  to  be  made. 

By  trial  spinning,  the  size  of  the  blank  required  for  one  of  the 
reflectors  is  determined,  and  with  the  square  shears  the  copper  sheets 
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are  cut  into  pieces  an  eighth  of  an  inch  larger  each  way.  These  squares 
are  then  taken  to  the  circular  shears  and  cut  to  round  shapes  ready 
for  the  spinning  lathe.  The  spinning  form,  of  kiln-dried  maple,  is 
screwed  to  the  spindle  and  the  belt  thrown  to  that  step  of  the  cone 
pulley  which  will  bring  the  speed  nearest  to  1,200  revolutions.  From 
the  stock-room  a  follower  is  selected  whose  face  will  nearly  cover  the 
bottom  of  the  form.  It  is  now  "up  to"  the  spinner.  Holding  a  blank 
and  also  the  follower  against  the  end  of  the  form,  he  runs  the  tail- 
center  up  to  the  center  in  the  follower  just  hard  enough  to  hold  the 
blank  in  place.  Then,  starting  the  lathe,  he  centers  the  blank  by 
lightly  pressing  against  its  edge  a  hard  wood  stick.  As  soon  as  it  "lines 
up"  he  runs  the  center  up  a  little  harder  and  clamps  it  in  place.  Some 
spinners  will  "hop  in"  a  blank  with  the  lathe  running,  but  this  is 
dangerous  practice  and  sometimes  the  blank  will  go  sailing  across  the 
room.  Often  this  happens  in  truing  up  the  blank  and  for  this  reason 
it. is  considered  advisable  to  have  a  wire  grating  at  the  further  side 
of  the  lathe  to  prevent  serious  accidents;  for  a  sheet  metal  blank  is  a 
dangerous  missile  traveling  at  the  high  rate  of  speed  which  is  imparted 
to  it  by  the  lathe. 

With  a  piece  of  beeswai^  (soap  is  sometimes  used  for  economical 
reasons)  the  spinner  lightly  rubs  the  rapidly  revolving  blank  and  then 
adjusts  the  pin  in  the  T-rest  to  a  point  near  enough  to  the  blank  to 
obtain  a  good  leverage  with  the  spinning  tool.  Holding  the  handle 
of  his  point  and  bajl  tool  under  his  right  armpit  and  using  the  tool 
as  a  lever  and  the  pin  on  the  rest  as  a  fulcrum,  he  slowly  forces  the 
metal  disk  back  in  the  direction  of  the  body  of  the  form,  never  allow- 
ing the  tool  to  rest  in  one  spot,  but  constantly  working  it  in  and  out, 
applying  the  pressure  on  the  way  out  to  the  edge  of  the  disk  and 
letting  up  as  he  comes  back  for  a  new  stroke.  In  the  meantime  his 
left  hand  is  busy  holding  a  short  piece  of  hard  wood  (called  the  back- 
stick),  firmly  against  the  reverse  side  of  the  metal  at  a  constantly 
changing  point  opposite  the  tool.  The  object  of  the  back-stick  is  to 
keep  the  stock  from  wrinkling  as  it  is  stretched  toward  the  edge  of 
the  disk.  Wrinkles  cause  the  metal  to  crack  at  the  edges  and  for  this 
reason  they  must  be  kept  from  the  stock  as  much  as  possible. 

After  a  few  strokes  of  the  spinning  tool  have  been  taken,  the  shell 
will  appear  about  as  shown  at  B,  Fig.  12,  and  at  this  point  it  is  neces- 
sary to  trim  the  shell  at  the  edges  with  the  diamond-point  tool.  Trim- 
ming is  required  because  spinning  stretches  the  stock  and  the  result- 
ing uneven  edge  will  cause  splits  in  the  metal  if  it  is  not  trimmed 
occasionally.  As  a  carpenter  is  known  by  his  chips,  so  a  spinner  is 
known  by  the  way  his  work  stretches.  While  the  even  pressure  of 
a  good  spinner  will  stretch  the  stock  very  little,  the  uneven  pressure 
of  the  inexperienced  man  will  lead  him  into  all  sorts  of  trouble  on 
account  of  the  way  the  stock  will  "go."  In  either  case  the  metal  always 
stretches  least  in  the  direction  in  which  the  sheet  stock  was  originally 
rolled,  consequently  giving  the  edge  a  slight  oval  shape.  In  trimming 
zinc,  the  spinner  holds  a  "swab"  of  cloth  just  above  the  diamond  point. 
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to  prevent  the  chips  from  flying  into  his  face  and  eyes — or  those  of 
his  neighbors.    With  other  metals  the  swab  is  unnecessary. 

The  reflector  is  now  taking  shape.  With  each  successive  stroke  the 
spinner  sets  a  little  more  of  the  metal  against  the  form.  Not  only  does 
spinning  stretch  the  metal,  but  it  hardens  it  as  well;  therefore,  at  the 
stage  C  it  becomes  necessary  to  anneal  the  partially  completed  reflector, 
which  is  done  by  heating  it  to  a  low  red  in  a  gas  furnace.  In  running 
through  a  lot  of  shells,  the  common  practice  is  to  spin  them  all  as  far 
as  possible  without  annealing,  and  after  annealing  the  whole  lot,  to 
complete  the  spinning. 

After  replacing  the  shell  upon  the  form,  it  is  trimmed  and  worked 
further  along  the  form,  gradually  assuming  the  appearance  shown  at 
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Fiir.  12.    Successive  Steps  in  Spionlog  a  Reflector 

D.  At  this  time,  the  spinner  goes  back  to  the  small  radius  at  the  front 
end  of  the  shell  and  with  a  ball  tool  he  closes  the  annealed  metal  hard 
down  against  the  form,  for  the  spinning  has  tended  to  pull  the  stock 
slightly  from  the  form  at  this  point.  The  body  of  the  reflector  is  now 
practically  completed  and  the  spinner  directs  his  attention  to  rolling 
the  bead  at  the  outside  edge.  Slowly  he  begins  to  roll  the  edge  of  the 
shell  back,  using  his  hook  tool  to  complete  the  bead  as  far  as  possible 
and  exercising  care  to  keep  the  back-stick  fii;mly  against  the  metal 
so  as  to  keep  the  wrinkles  out.  Now,  with  the  diamond  point,  he 
gives  the  edges  a  flnal  trim,  and  with  the  beading  tool  closes  down 
the  bead  snugly  against  the  rest  of  the  shell,  as  shown  at  E.  Lastly, 
the  swivel  cutter  is  placed  in  the  proper  hole  of  the  T-rest  and  a  turn 
of  the  tool  cuts  out  the  center  to  the  exact  size,  and  the  reflector  is 
completed.  If  any  burrs  or  rough  places  remain  they  are  easily  re- 
moved at  this  time  with  the  skimmer  or  diamond  point,  and  a  little 
emory  cloth  gives  the  shell  a  finished  appearance. 
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Referring  to  the  illustration  Fig.  7,  A,  B  and  C  represent  the  three 
most  important  stages  of  spinning  a  shell  like  that  shown  at  C.  An* 
nealing  is  necessary  between  steps  A  and  B.  D  is  a  shell  spun  upon 
a  form  of  the  plug  variety,  and  E  and  F  are  two  views  of  a  shell  spun 
after  the  method  shown  in  Fig.  4,  F  being  the  completed  shell.  O 
illustrates  a  very  difficult  shell  to  spin,  on  account  of  the  small  follower 
that  must  be  used;  the  length  of  the  small  diameter  also  adds  to  the 
difficulty.  H  shows  a  shell  that  must  be  spun  upon  a  sectional  chuck, 
while  /  is  a  plain  easy  Job  of  ornamental  spinning.  The  ball  shown 
at  J  was  spun  from  one  piece  of  aluminum  and  it  is  more  of  a  curiosity 
than  a  specimen  of  practical  spinning.  It  was  first  spun  over  a  form 
that  would  leave  one  half  of  the  ball  complete  and  the  stock  for  the 
other  half  straight  out  like  a  short  tube.  Next  a  wooden  split  chuck 
was  made,  hollowed  out  to  receive  the  finished  end  of  the  ball  and  the 
open  end  was  gradually  spun  down  and  in  until  the  ball  was  complete 
with  but  a  1/16-inch  hole  at  the  end.  This  hole  was  plugged  and  the 
hollow  ball  was  done. 


Pitf.  13.    An  Interestlnff  Example  of  Metal  Splnnlnff 

As  another  example  of  metal  spinning,  assume  the  shape  shown  in 
Fig.  13.  The  shell  Is  to  be  20  inches  in  diameter,  6  inches  deep,  and 
0.060  inch  thick.  The  metal  to  be  used  is  zinc.  This  is  an  interesting 
metal  spinning  job,  and  not  a  particularly  difficult  one.  The  shell  can 
be  best  spun  with  the  aid  of  two  spinning  forms,  such  as  are  illustrated 
in  Figs.  14  and  15.  These  forms  should  be  made  of  kiln-dried  maple  if 
there  are  comparatively  few  shells  to  be  spun.  If  there  are  many, 
the  forms  should  be  made  of  cast  iron.  Fig.  14  shows  the  first  form  to 
be  used,  which  conforms  to  the  outside  of  the  shell  as  far  as  the  centers 
of  the  spherical  ring.  Beyond  these  points,  the  form  is  straight.  The 
blank  to  be  spun  is  placed  as  indicated  by  the  dotted  lines,  and  follower 
No.  1  is  used  to  hold  the  work  against  the  form.  The  chief  trouble 
will  be  met  in  properly  starting  the  shell,  because  of  the  small  follower 
that  must  be  employed.  H9wever,  follower  No.  2  may  be  substituted 
after  working  the  metal  back  against  the  form  a  few  inches,  and  as 
this  gives  a  better  grip  on  the  shell,  there  will  be  no  further  danger 
of  slipping.  After  spinning  the  zinc  shell  to  the  shape  of  the  first 
form  (Fig.  14)  it  will  probably  have  to  be  annealed,  but  this  can  only  be 
determined  by  trial.  In  annealing  zinc,  the  flame  should  not  be  allowed 
to  touch  the  metal.  The  half  completed  shell  is  then  put  on  form  No. 
2  shown  in  Fig.  15.  It  is  an  easy  matter  to  spin  the  metal  round  to 
complete  the  arc.  The  dotted  line  shows  the  position  of  the  shell  before 
starting  the  last  part  of  the  spinning.    Of  course,  it  will  be  understood 
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that  the  shell  must  be  trimmed  several  times  during  the  spinning,  and 
if  the  trimming  is  frequently  done,  a  well-shaped  shell  should  result. 
For  spinning  on  form  No.  2,  follower  No.  3  must  be  used.  Either 
beeswax  or  soap  should  be  frequently  rubbed  orver  the  work  while 
spinning.  If  It  Is  necessary  to  cut  out  the  center.  It  can  be  done  before 
removing  the  shell  from  the  last  form  by  simply  removing  the  follower 
and  using  a  diamond  point  tool,  or  In  large  product  work  the  swivel 
cutter  will  work  well.  The  shell  will  cling  to  the  form  without  the 
follower.    The  spinning  speed  should  be  from  800  to  1,000  R.  P.  M. 
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While  the  operation  of  spinning  is  a  comparatively  s4mple  one  to 
describe,  it  is  not  easily  learned,  and  to-day  good  all-around  spinners 
are  hard  to  find.  The  limits  of  accuracy  are  not  as  closely  defined  as 
in  straight  machine  work,  but  there  are  times  when  good  fits  are 
absolutely  necessary,  as  in  cases  where  two  shells  must  slip  snugly 
together.  In  this  chapter  we  have  taken  up  only  the  plain  every-day 
kind  of  spinning,  and  were  we  to  follow  its  work  in  the  gold  and 
silversmith's  trade,  we  would  see  it  evolve  into  a  fine  art.  In  order 
to  insure  really  good  work  coming  from  the  spinning  lathe,  there  Is 
a  wide  range  of  knowledge  that  the  spinner  must  have.  That  knowl- 
edge may  be  brought  together  and  summed  up  by  a  single  word- 
ier/(/wdiY. 
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CHAPTER    II 

TOOLS  AND  METHODS   USED  IN 
METAL  SPINNING* 

The  principal  object  of  this  chapter  is  to  describe  in  detail  the  vari- 
ous operations  of  spinning  metal  so  that  a  tool-maker  or  machinist 
who  has  not  access  to  a  metal  spinner,  will  be  able  to  make  his  own 
tools,  rig  up  an  engine  or  speed  lathe,  and  make  the  simple  forms 
or  models  that  are  required  in  experimental  work.  To  do  this  intelli- 
gently, it  is  necessary  to  follow  in  detail  every  step  In  metal  spinning 
from  the  circular  blank  to  annealing,  pickling,  dipping,  burnishing, 
etc.,  and  also  to  know  how  to  make  the  simpler  forms  of  spinning 
tools,  what  lubricants  to  use  on  the  different  kinds  of  metals,  what 
material  to  make  the  spinning  chuck  of,  and  how  far  the  metal  can  be 
worked  before  annealing. 

Spinning  metal  into  complicated  and  elaborate  shapes,  is  an  art 
fully  as  difficult  as  any  craft,  and  the  man  is  truly  an  artist  that  can 
make  artistic  and  graceful  outlines  in  metal,  especially  when  only  a 
few  pieces  are  required  and  the  cost  will  not  allow  of  making  special 
chucks  to  do  the  work  on  and  with  no  outline  chucks  to  govern  his 
design,  the  forms  being  made  by  skill  and  manipulation  of  tools  alone. 
Such  skill  is  far  superior  to  that  of  the  Russian  metal  worker,  who. 
Instead  of  making  a  vase  or  ornament  of  one  piece,  cuts  up  several 
sections  and  soft  solders  them  together,  after  covering  them  with 
crude  *'giugerbread"  work  to  disguise  his  poor  metal  work. 

The  amateur  can  imitate  the  Russian  work,  but  never  the  work  of 
the  skilled  spinner.  There  are  several  grades  of  spinners,  most  of 
them  never  attaining  the  skill  of  the  model-maker  or  the  facility  for 
handling  the  different  metals.  A  man  that  has  had  several  years  of 
experience  spinning  brass  or  copper  would  not  be  able  to  spin  britan- 
nia  or  white  metal  without  stretching  it  to  a  very  uneven  thickness. 
As  brass  or  copper  is  harder  than  the  other  metals  mentioned,  they  re- 
sist the  tool  more  and  require  more  pressure  in  forming,  and  if  the 
operator  used  the  same  pressure  on  the  softer  metals,  he  would  stretch 
or  distort  them,  so  that  they  would  be  perhaps  one-quarter  of  the 
original  thickness  at  angles  and  corners  where  the  strain  in  spinning 
would  be  greatest,  which  would  ruin  the  articles.  The  best  test  for 
skill  in  ordinary  spinning,  is  to  take  a  long  difficult  shape,  after  being 
finished,  and  saw  it  in  two  lengthwise,  and  if  the  variation  in  thick- 
ness is  less  than  25  per  cent  of  the  original  gage,  it  is  good  practice. 
Some  spinners  can  keep  within  10  per  cent  of  the  gage  on  ordinary 
work,  but  they  are  scarce. 

The  spinning  traded  in  this  country  is  mostly  followed  by  foreigners, 
Germans  and  Swedes  being  the  best.     The  American  that  has  intelli- 

•  Machinebt,  March  and  April,  1910. 
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gence  and  skill  enough  to  be  a  first  class  spinner,  will  generally  look 
around  for  something  easier  about  the  time  that  he  has  the  trade 
acquired.  It  Is  an  occupation  that  cannot  be  followed  up  In  old  age, 
as  it  Is  too  strenuous,  the  operator  being  on  his  feet  constantly,  and 
having  to  use  his  head  as  well  as  his  muscles. 

General  Remarks  on  Metal  Spinningr  Chucks 

For  common  plain  shapes,  a  patternmaker's  faceplate,  with  a  tap- 
ered center  screw,  is  sufficient  for  holding  the  wood  chuck.  The  hole 
in  the  wood  should  be  the  same  taper  as  the  screw,  thus  giving  an 
even  grip  on  the  thread.  If  a  straight  hole  only  is  used,  and  it  is  not 
reamed  out  before  screwing  to  the  plate,  it  will  only  have  a  bearing 
on  one  or  two  threads,  and  if  the  chuck  is  taken  ofT  and  replaced  on  the 
faceplate,  it  will  not  run  true.  Care  should  also  be  taken  to  face  oil 
the  end  of  the  chuck  flat,  or  to  slightly  recess  it,  so  that  it  will  screw 
up  evenly  against  the  faceplate,  as  a  high  center  will  cause  it  to  rock 
and  run  out  of  true. 

In  large  chucks  (over  five  inches)  it  is  best  to  have  three  or  four 
wood  screws,  besides  the  center  screw.  The  holes  for  these  can  be 
spaced  off  accurately  on  a  circle  in  the  iron  faceplate,  and  drilled  and 
countersunk.  It  is  best  to  have  twice  as  many  holes  as  screws;  that 
is,  if  four  screws  are  used  there  should  be  eight  holes,  so  that  if  the 
chuck  has  to  be  replaced  at  any  time  and  the  wood  has  shrunk,  it 
can  be  turned  one  eighth  of  a  revolution  further  than  the  original 
chucking. 

Where  a  chuck  has  to  be  used  several  times,  It  Is  better  practice 
to  cut  a  thread  in  the  wood  and  screw  the  chuck  directly  to  the 
spindle  of  a  lathe,  not  using  the  faceplate.  This  thread  can  be  chased 
with  a  regular  chasing  tool,  where  the  operator  has  the  skill,  or 
If  not,  the  wood  can  be  bored  out  and  a  special  wood  tap  used.  Such 
a  tap  has  no  flutes  and  it  is  bored  hollow,  there  being  a  wall  about 
3/16  Inch  thick.  One  tooth  does  all  the  cutting,  that  Is  the  one  at  the 
end  of  the  thread.  The  chips  go  into  the  hollow  part  of  the  tap.  The 
end  of  the  tap  for  about  %  inch  should  have  the  same  diameter  as  the 
hole  before  threading  to  act  as  guide  for  the  cutting  tooth. 

It  is  essential  that  a  chuck  should  run  very  true  and  be  balanced 
perfectly,  as  the  high  speed  at  which  It  runs  will  cause  it  to  vibrate 
and  run  out  of  true,  causing  the  finished  metal  to  show  chatter  marks. 
The  best  wood  for  chucks  is  hard  maple,  and  it  should  be  selected 
for  its  even  grain  and  absence  of  checks  and  cracks.  It  is  best  to 
paint  the  ends  with  paraffine  or  red  lead,  or  to  immerse  the  chucks 
in  some  vegetable  oil  after  turning.  Cottonseed  oil  is  very  good  for 
this  purpose,  but  care  should  be  taken  not  to  soak  the  chucks  too 
long. 

For  a  man  not  skilled  in  spinning,  it  is  better  to  use  metal  chucks 
than  wood,  for  if  there  are  many  shells  of  a  kind,  the  operator  is 
liable  to  bear  too  hard  on  the  tool,  thus  compressing  the  chuck  and 
making  the  last  shells  smaller  than  the  first.  Corners  and  angles  not 
well  supported  might  also  be  knocked   off.     The  writer  prefers  cold 
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rolled  steel  for  chucks  up  to  6  inches  in  diameter  and  cast  iron  for  the 
larger  ones,  but  where  good  steel  castings  can  be  obtained,  a  good 
chuck  can  be  made  by  turning  roughly  to  shape  a  wood  pattern,  allow- 
ing enough  for  shrinkage  and  finishing,  and  hollowing  out  the  back  to 
lighten  it.  When  the  chuck  is  finished  all  over  in  the  lathe,  it  should 
balance  much  better  than  a  cast  iron  one,  as  there  are  not  the  chances 
of  having  blow  holes  in  the  iron,  thus  throwing  the  chuck  out  of  bal- 
ance. 

Annealing 

The  distance  that  metal  can  be  drawn  without  annealing,  can  only 
be  learned  by  experience.  A  fiat  blank  rotated  in  the  lathe,  being  soft, 
will  offer  little  resistance  and  it  can  be  gradually  drawn  down  by  a 
tool  held  under  the  chuck  and  against  the  blank.  This  tool  is  pushed 
from  the  center  outward  and  forward  at  the  same  time,  and  every 
time  it  passes  over  the  blank  or  disk  the  metal  becomes  harder  by 
friction,  and  the  change  of  formation  and  the  resistance  at  the  point 
of  the  tool  greater.  This  can  be  felt  as  the  tool  is  under  the  oper- 
ator's arm.  When  the  spring  of  the  metal  is  such  that  the  tool  does 
not  gain  any,  but  only  hardens  the  metal,  the  shell  should  be  taken 
oft  and  annealed.  If  the  metal  has  been  under  a  severe  strain,  it 
should  be  hammered  on  the  horn  of  an  anvil  or  any  metal  piece  that 
will  support  the  inside.  The  hammer  should  be  a  wood  or  rawhide 
mallet,  but  never  metal,  the  object  being  to  put  dents  or  flutes  in  the 
metal  to  relieve  the  strain  when  heating  for  annealing;  if  this  is  not 
done  the  shell  will  crack. 

After  annealing  the  shell  it  should  be  pickled  to  clean  the  oxide  or 
scale  from  the  surface;  otherwise  the  metal  will  be  pitted.  When 
the  scale  is  crowded  into  the  metal  and  when  it  will  not  finish  smooth 
after  spinning  to  shape,  the  metal  can  be  finished  by  skimming, or 
shaving  the  outer  surface  which  cuts  out  all  tool  marks;  it  can  then 
be  finished  with  medium  emery  cloth  or  the  shell  can  be  bright  dipped, 
and  be  run  over  with  a  burnishing  tool  before  buflOHg.  Burnishing 
can  be  done  on  the  spinning  chuck,  but  the  speed  should  be  higher 
than  for  spinning;  this  requires  some  skill  for  a  good  job,  and  it  can 
be  done  only  on  metal  chucks. 

Annealing  is  best  accomplished  in  a  wood  or  gas  oven,  where  a 
forge  fire  is  used.  The  metal  should  never  touch  the  coke  or  other 
fuel,  but  it  should  be  held  in  the  flame  above  the  fire.  Where  only 
part  annealing  is  required,  the  shell  can  be  immersed  in  water,  the 
part  to  be  annealed  being  exposed  above  the  water,  and  a  blowpipe 
used  on  it.  The  remainder  of  the  shell  will  then  be  hard.  This  way 
of  annealing  is  sometimes  necessary  on  a  special  shapes. 

Brass  should  be  heated  to  a  cherry  red,  and  held  at  that  point  for 
a  few  minutes,  in  a  muflle  furnace.  If  an  open  furnace  is  used,  just 
bring  the  metal  to  a  cherry  red  and  then  dip  it  in  water;  this  method 
is  better  than  when  waiting  for  it  to  cool,  the  action  being  just  the  op- 
posite to  that  on  steel.  Brass  such  as  the  common  yellow  brass  is  not 
suitable  for  spinning,  there  being  but  55  per  cent  copper  and  45  per 
cent  zinc.    There  are  two  grades  of  brass  suitable  for  spinning.  These 
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are  known  as  "spinning  and  drawing,"  having  60  per  cent  copper  and 
40  per  cent  zinc,  and  "extra  spinning  and  drawing"  having  67  per 
cent  copper  and  33  per  cent  zinc.  There  is  also  a  better  grade  known 
as  "low  brass"  having  from  75  to  80  per  cent  copper;  It  has  the  color 
of  bronze  and  Is  only  used  on  very  deep  and  difficult  spinning. 

The  scale,  after  annealing,  should  be  pickled  off  in  an  acid  bath 
(described  further  on  in  this  chapter),  and  the  part  thoroughly  washed 
in  running  water.  Brass,  German  silver  and  the  harder  metals  should 
be  hammered  before  annealing;  It  Is  not  necessary  to  hammer  zinc, 
copper,  aluminum,  etc. 

A  pyrometer  In  an  annealing  furnace  would  be  an  advantage  where 
quantities  of  the  softer  metals  such  as  zinc,  aluminum,  etc.,  are  being 
heated.  Copper  Is  annealed  the  same  as  brass  and  Is  also  pickled. 
Zinc  Is  coated  with  oil  before  being  put  in  the  oven,  and  when  the  oil 


Fig.  16.    Zinc  Lamp  ERubde  Span  In  One  Operation  without  Annealing 

turns  brown,  which  occurs  when  the  temperature  Is  about  350  degrees, 
the  metal  Is  ready  to  take  out;  It  should  then  be  plunged  li)  water  to 
shed  the  scale,  but  not  pickled.  The  melting  point  of  zinc  is  780  de- 
grees F.  Aluminum  can  be  annealed  the  same  as  zinc,  as  the  melting 
point  is  1,140  degrees  F. 

Steel  should  be  annealed  by  heating  to  a  cherry  red  and  then  allow- 
ing it  to  cool  slowly;  it  should  be  scaled  in  a  special  pickle,  thoroughly 
washed,  and  then  put  back  In  the  fire  long  enough  to  evaporate  every 
particle  of  acid  that  may  have  remained  from  the  pickling  operation. 
Any  acid  remaining  on  the  steel  will  neutralize  any  lubricant  that  Is 
applied  when  spinning.  Annealing  should  be  avoided  wherever  possi- 
ble. Open  hearth  steel  only  should  be  used.  It  should  be  free  from 
scale  and  preferably  cold  rolled.  Bessemer  steel  Is  not  suitable,  ex- 
cept for  very  shallow  spinnings.  Tin  plate  made  from  open  hearth 
steel  can  be  spun  about  one-half  as  deep  as  its  diameter  where  the 
shape  is  not  too  Irregular.  German  silver  is  difficult  to  spin,  espe- 
cially when  it  contains  over  15  per  cent  nickel;  it  has  to  be  hammered 
before  annealing,  the  same  as  brass,  to  avoid  cracks. 
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Common  yellow  soap  cut  up  in  strips  about  ^  inch  or  %  inch  square 
is  a  good  lubricant  for  spinning  most  metals.  It  should  be  applied 
evenly  to  the  disk  or  blank  while  it  is  revolving,  by  holding  the  soap 
in  the  hand  and  drawing  it  across  the  surface.  Beeswax  is  the  best 
for  spinning  steel,  but  it  is  expensive.  Lard  oil  mixed  with  white 
lead  is  a  fair  substitute.  Either  mutton  or  beef  tallow  applied  with  a 
cloth  swab  is  very  good  on  most  all  metals;  also  vaseline  and  graphite 
mixed  to  a  paste  and  applied  the  same  as  tallow. 

Examples  of  Spinningr  Various  Metckls 

The  difTerent  metals  are  malleable,  ductile  and  tenacious   in   the 

following  order;   white  metal  or  britannia,  aluminum,  zinc,  copper, 

low  brass,  high  brass,  German  silver,  steel,  tin  plate.     White  metal 

does  not  harden  in  spinning,  but  it  requires  special  skill  in  handling. 


Vig.  17.    Oas  Burner  fbr  Heattngr  Splnnlngr  Ohuck 

or  the  metal  will  be  of  very  uneven  gage.  The  best  metal  for  an 
amateur  to  start  on  is  copper,  as  it  is  both  tenacious  and  ductile,  and 
will  stand  much  abuse  in  the  fire  and  on  the  lathe.  One  of  the  pecu- 
liar properties  of  zinc  is  that  it  has  a  grain  or  texture,  and  when 
spinning,  the  two  sides  that  went  through  the  rolls  lengthwise  will 
be  longer  than  the  sides  that  have  the  cross  grain,  requiring  the  shell 
to  be  trimmed  oft  quite  a  distance  to  even  the  edge. 

To  show  the  possibilities  of  working  the  different  metals,  and  their 
relative  spinning  values,  a  number  of  articles  made  from  different 
materials  are  illustrated  herewith. 

A  zinc  lamp  shade  is  shown  in  Fig.  16  that  is  14^4  inches  in  diam- 
eter and  4%  inches  deep.  This  shade  was  spun  in  one  operation,  with- 
out annealing,  from  a  flat  circular  blank.  All  zinc  should  be  warmed 
before  spinning,  either  over  a  gas  burner  at  the  lathe  or  in  hot  soap 
water,  and  the  chuck  also  should  be  heated,  as  otherwise  the  blank 
will  soon  chill,  if  spun  on  a  cold  metal  chuck,  as  the  chuck  absorbs 
the   heat  long  before  the  operation   is  finished.     Of  course  this  does 
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not  apply  to  wooden  chucks.  The  chuck  may  be  heated  by  using  the 
burner  shown  in  Fig.  17.  which  is  located  around  the  spindle  of  the 
lathe.  The  size  of  the  burner  should,  of  course,  be  in  proportion  to 
that  of  the  chuck  used.  The  burner  illustrated  is  8  inches  in  diam- 
eter. It  has  several  small  holes  drilled  for  the  gas  on  the  side  facing 
the  chuck.  The  heat  of  the  chuck  is  regulated  by  varying  the  supply 
of  gas  to  the  burner.     The  blank  is  heated  before  it  is  put  on  the 


Flgrs.  18  and  19.    Bzamples  of  Aluminum  and  Copper  Spinning 


chuck  and  the  friction  of  the  spinning  tool  helps  to  keep  it  warm  until 
it  comes  in  contact  with  the  chuck.  The  metal  retains  its  heat  until 
the  Job  is  finished,  and  this  sometimes  saves  an  annealing  operation. 
In  Fig  18  is  shjown  an  example  of  aluminum  spinning.  The  article 
illustrated  is  a  cuspidor  having  a  top  7%  inches  in  diameter,  a  neck 
with  a  4-inch  flare,  a  diameter  at  the  top  of  914  inches,  and  a  height 


Flff.  20.    German  Silver 
Reflector 


Fig.  21.    Open  Hearth  Cold-rolled 
Steel  SbeU 


of  6^  inches.  This  shell  was  spun  without  annealing,  which  shows 
the  extreme  ductility  of  aluminum.  The  copper  shell  shown  in  Fig. 
19,  has  a  maximum  diameter  of  7  inches,  and  a  depth  of  8  Inches; 
it  was  spun  with  four  annealings.  A  German  silver  reflector,  which 
is  10  inches  in  diameter  at  the  largest  end  and  5  inches  deep,  is  shown 
in  Fig.  20.  The  spinning  of  such  a  reflector,  when  made  from  this 
material,  is  quite  diflacult.    An  open  hearth  cold-rolled  steel  shell  with 
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a  maximum  diameter  of  3  inches  and  a  depth  of  4  inches  is  shown  in 
Fig.  21.  This  shell  was  spun  without  annealing,  which  shows  that  the 
grade  of  steel  used  is  well  adapted  for  this  work. 

In  Fig.  22  two  finished  brass  shells  are  shown  to  the  right,  and  also 
the  number  of  operations  required  to  change  the  form  of  the  metal. 
The  upper  shell  is  6  inches  long  and  Z%  inches  in  diameter  at  the 


Pig.  22.    Varloua  Steps  In  Spinnlnflr  the  Two  Brass  BbeUs  at  the  Bigrht 

large  end,  while  the  lower  one  is  7l^  inches  long  by  3%  inches  in 
diameter.  It  was  necessary  to  anneal  these  shells  between  each 
operation,  the  upper  shell  being  annealed  four  times  and  the  lower 
one  three  times.  These  pieces  were  made  in  quantities  sufficient  to  war- 
rant the  making  of  chucks  for  each  operation,  which  enabled  them  to 
be  spun  with  less  skill  than  would  be  required  if  a  finishing  chuck 


A 


Plff.  28.    Another  Brass  Spinning  Operation ;  the  Chuck  used  Is  shown  at  A 

only  were  made.  When  a  single  finishing  chuck  is  used,  the  various 
operations  in  spinning  a  shell  of  this  kind  would  be  left  to  the  judg- 
ment of  the  spinner,  who  would  decide  the  limit  of  the  stretch  of 
metal  between  the  operations  before  annealing. 

A  brass  shell  that  is  made  in  five  operations  and  with  four  anneal- 
ings is  shown  in  Fig.  23.  The  finishing  chuck  used  is  a  split  or  key 
chuck  on  which  it  is  necessary  to  cut  out  the  end  of  the  shell  in  order 
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to  withdraw  the  key  after  the  shell  is  spun.  This  shell,  which  is 
shoA^vi  finished  to  the  right,  is  5^  inches  long.  It  is  spun  smooth  on 
a  machine  steel  chuck,  and  is  not  skimmed,  but  gone  over  with  a 
planishing  tool  at  the  last  operation.  The  two  pieces  shown  in  Fig. 
22  were  also  finished  in  this  way. 


FUr.  24.    An  Example  of  "  Atr  Bplnnlnflr "  »n<>  the  Chucks  used 

Fig.  24  shows  a  brass  shell,  which  is  a  good  example  of  "air  spin- 
ning," so  called  because  the  finishing  or  second  operation  on  part  of 
the  shape  is  done  in  the  air,  thus  avoiding  the  use  of  a  sectional  or 
split  chuck.  The  shell  shown  is  about  5^  inches  in  diameter.  The 
first  or  breaking-down  chuck  is  shown  at  A.    The  neck  or  small  part 


Fiff.  26.    Miscellaneous  Collection  oi  Spinning  Chucks 

of  the  piece,  and  also  a  portion  of  the  spherical  surface,  is  formed  by 
the  spinning  tool  without  any  support  from  the  chuck.  After  the  shell 
is  spun  or  broken  down  on  chuck  A,  it  is  annealed  and  pickled.  It  is 
then  put  back  on  chuck  A  and  planished  or  hardened  on  the  part  that 
is  to  retain  Its  present  shape.  The  work  is  then  placed  on  the  chuck 
B  and  the  soft  part  is  manipulated  by  the  tool  until  It  conforms  to 
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the  shape  shown  to  the  right.  While  this  soft  part  of  the  metal  is 
being  formed,  the  part  which  was  previously  hardened  retains  its 
shape. 

Various  T3n;>e8  of  Metal- spinning  Chucks  and 
their  Construction 

A  miscellaneous  collection  of  spinning  chucks  is  shown  in  Fig.  25. 
As  will  be  seen,  the  larger  ones  are  machined  out  in  the  back  to 
lighten  them,  ahd'  also  to  give  them  an  even  balance.  The  larger  of 
those  illustrated  measure  about  9i^  inches  in  diameter,  and  they  are 
made  of  cast  iron,  while  the  smaller  chucks  shown  in  this  view  are 
of  machine  steel.  The  chuck  marked  A  is  a  key  chuck.  Another 
collection  of  spinning  chucks  of  various  shapes  is  shown  in  Fig.  26. 


Flif,  SSL    AnodMr  Oroup  of  Spjorilnji'  r->iiu-kr-?.    'rj-iOBi'  \n  t\>ff  Upfi^-i   Rjjw 
»r6  of  the  Bpiit  or  l^&y  Typi^ 

Those  in  the  upper  row  are  all  key  or  split  chucks,  and  the  keys 
are  shown  withdrawn  from  the  sockets.  All  these  chucks,  up  to  6 
inches  in  diameter,  are  made  of  machine  steel;  Chose  seen  in  the 
lower  row  are  shapes  which  are  comparatively  easy  to  spin. 

A  collection  of  hard  maple  chucks  is  shown  in  Fig.  27,  some  of 
which  represent  shapes  that  are  difllcult  to  spin.  The  chuck  A  is  15 
inches  long,  and  the  maximum  diameter  of  B  is  12^2  inches.  These 
figures  will  serve  to  give  an  idea  of  the  proportions  of  the  other 
chucks.  All  of  the  chucks  shown  have  threads  cut  In  them  and  they 
are  screwed  directly  to  the  spindle  of  the  lathe,  the  faceplate  being 
dispensed  with.  Some  of  the  larger  wooden  chucks  used  measure 
approximately  5  feet  in  diameter.  A  chuck  of  this  size  is  built  up  of 
sections  which  are  glued  together. 

A  number  of  bronze  sectional  split  chucks  are  shown  in  Fig.  28. 
When  spinning  over  a  sectional  chuck,  it  is  first  necessary  to  break 
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down  the  shell  as  far  as  is  practicable  on  a  solid  chuck.  Care  should 
be  taken,  however,  to  leave  sufficient  clearance  so  that  the  work  may 
be  withdrawn.  The  shell  is  then  annealed,  after  which  it  is  put  on 
the  sectional  chuck  and  the  under  cut  or  small  end  is  spun  down  to 
the  chuck  surface.  When  the  entire  surface  of  the  shell  is  spun  down 
to  a  bearing,  the  shell  is  planished  or  skimmed  to  a  smooth  surface; 


FItf-  ^*t-    Various  Forma  o/  Spluning  Chucks  oiadA  from  Hard  ldapl« 


Plff.  28.    A  Group  of  Bronze  Sectional  Chucks 

the  open  edge  is  also  trimmed  even  and  the  shell  is  polished  with 
emery  cloth. 

A  large  bronze  chuck  of  seven  sections,  one  of  which  is  a  key  sec- 
tion, is  shown  at  A.  The  largest  diameter  of  this  chuck  is  10  inches. 
It  has  a  cast  iron  center  hub  and  a  steel  cap  at  the  top  for  holding 
the  sections  in  place.    This  cap,  when  in  place  in  the  retaining  groove 
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shown,  is  flush  with  the  top  of  the  chuck.  Another  large  chuck  hav- 
ing five  sections  and  one  key  section  is  shown  at  B,  The  retaining 
cap  in  this  case  is  of  a  different  form.  The  lower  parts  of  the  sections 
of  all  these  chucks  fit  in  a  groove  at  the  hottom  of  the  hub.  A  chuck 
of  five  sections  that  is  without  a  binding  cap,  is  shown  at  C.  This 
is  not  a  good  design  as  the  hub  or  center  is  too  straight,  and  all  of 
the  grip  or  drive  is  from  the  bottom  groove,  which  is  not  sufficient. 
The  shape  shown  at  D  is  more  difficult  to  spin  than  any  of  the  others, 
as  it  is  smaller  at  the  opening  in  proportion  to  its  size.  This  chuck 
also  requires  more  sections  in  order  that  it  may  be  withdrawn  from 
the  shell  after  the  latter  is  spun.  The  chuck  E  is  intended  for  a  small 
shell  that  is  also  difficult  to  spin.  The  drive  pins  which  prevent  the 
segments  of  the  chuck  E  from  turning  may  be  seen  projecting  from 
its  base.    The  centering  pins  at  the  outer  end  of  chucks  D  and  E  and 


Flff.  29.    Sectional  Chucks  made  ttom  Wood 

the  binding  caps  may  also  be  seen.  The  chuck  A,  because  of  its  size, 
is  hollowed  out  to  reduce  the  weight.  All  of  these  chucks  were  made 
for  hard  service,  and  they  have  been  used  in  spinning  thousands  of 
shells. 

Another  group  of  sectional  chucks  is  shown  in  Fig.  29.  They  are 
mostly  m^de  from  hard  maple.  The  sections  of  chuck  A  are  planed 
and  fitted  together  and  thin  pieces  of  paper  are  glued  to  these  sec- 
tions before  they  are  glued  collectively  for  turning.  By  using  the 
paper  between  the  joints,  the  sections  may  be  easily  separated  after 
they  are  turned  to  the  proper  size  and  form.  If  the  different  sections 
were  glued  without  paper  between  them,  the  joint  formed  v.ould  be 
so  good  that  the  separation  of  the  sections  could  not  be  controlled, 
and  parts  from  opposite  sections  would  be  torn  away.  The  use  of  the 
paper,  however,  between  the  glued  joints,  controls  the  separation  of 
the  sections.  The  chuck  shown  at  D  is  also  made  with  the  paper  be- 
tween the  sections.  Chucks  B  and  E  are  turned  from  the  solid,  care 
being  taken  to  have  the  grain  of  the  wood  lengthwise.  After  they  are 
turned  to  the  required  form,  they  are  split  into  sections  with  a  sharp 
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chisel.  Before  doing  this,  the  key  section  should  first  be  laid  out 
There  should  be  as  few  sections  as  possible,  the  number  being  *just 
suflftcient  to  enable  the  withdrawing  of  the  chuck  from  the  shell  after 
the  latter  is  spun  to  shape.  This  method  of  making  a  chuck,  while 
quicker  than  the  other,  is  not  good  practice,  except  for  small  work. 

A  lignum  vit«  chuck  is  shown  at  A  in  Fig.  30;  this  was  made  with 
paper  between  the  sections.  The  key-section  is  shown  on  top.  This 
wood,  while  being  more  durable  than  hard  maple,  costs  sixteen  cents 
a  pound  in  the  rough  and,  counting  the  waste  material,  is  not  any 
cheaper  than  bronze,  and  is  less  durable.  The  hard  maple  chucks  B 
and  C  were  turned  from  the  solid,  after  which  the  sections  were  split. 
The  segments  shown  in  the  center  of  the  illustration  did  not  split 
evenly,  owing  to  a  winding  or  twisting  grain. 


Fiff.  30.    Other  Examples  of  Wooden  Sectional  Chucks 

The  construction  of  a  sectional  spinning  chuck  is  shown  in  Fig.  31. 
This  illustration  also  shows  the  proper  proportion  for  the  central  hub 
and  its  taper.  This  hub  should  never  be  straight,  but  should  have 
from  5  to  7^4  degrees  taper  on  the  central  part.  There  should  also 
be  a  taper  of  1^  degree  on  the  other  binding  surfaces  as  indicated. 
These  parts  are  made  tapering  so  that  the  shell  can  be  released  from 
the  lathe  after  spinning,  without  hammering  or  driving;  when  straight 
surfaces  are  used  the  work  has  to  be  pried  off,  and  it  is  also  harder 
to  set  up  the  sections  for  the  next  shell.  Another  disadvantage  is  that 
with  straight  fittings  the  wear  cannot  be  taken  up.  An  end  cap  or 
binder  should  be  used  wherever  possible  as  It  steadies  the  chuck.  A 
drive  pin  should  also  be  used  and  the  hole  for  it  drilled  in  the  largest 
section;  this  is  important,  as  it  gives  the  sections  a  more  positive 
drive.  If  they  slip  they  will  soon  wear  themselves  loose  and  leave 
openings  at  the  joints. 

The  plan  view  shows  the  method  of  laying  out  the  various  sections. 
The  key  should  be  laid  out  first.     One  key  is  enough  for  the  particular 


Digitized  by  CjOOQ iC 


TOOLS  AND  METHODS 


27 


form  of  chuck  illustrated,  but  it  is  often  necessary  to  use  two  key 
sections  when  the  shell  opening  is  small. 

When  a  sectional  chuck  is  to  be  made,  it  is  important  to  decide  first 
on  the  size  of  the  central  hub  A,  the  number  of  sections  C,  and  also  the 
design  of  the  cap  or  binder  B.  This  cap  must  not  exceed  in  size  the 
opening  in  the  finished  shell,  as  it  would  be  impossible  to  remove  it 

after  the  chuck  sections 
were  taken  out.  After 
the  sizie  of  the  hub  A  has 
been  decided  upon,  a 
wooden  form  should  be 
turned  that  is  a  duplicate 
of  A,  except  that  a  spheri- 
cal surface  E  should  be 
added.  This  spherical  part 
should  be  slightly  smaller 
than  the  inner  diameter 
of  the  bronze  sections  in 
order  to  allow  for  machin- 
ing them.  In  turning  this 
wooden  pattern  on  which 
the  plaster  patterns  for  the 
sections  are  to  be  formed, 
the  shoulder  D  should  be 
omitted,  as  a  removable 
metal  ring  will  take  its 
place. 

When  the  wooden  hub  is 
ready,  two  metal  parti- 
tions or  templets  of  the 
same  outline  as  the  chuck, 
though  about  one-half  inch 
larger  than  its  total  diam- 
eter, for  shrinkage  and 
finishing,  are  fastened  to 
the  hub  in  the  correct  posi- 
tion for  making  a  plaster 
pattern  for  the  key  section. 
These  patterns  should 
have  extension  ends  so 
that  the  sections  when  cast 
may  be  held  by  them  while 
they  are  being  turned. 
The  templets  should  be  banked  around  with  a  wad  of  clay,  and  they 
should  also  be  coated  on  the  inside  with  sperm  oil  to  keep  the  plas- 
ter from  sticking.  There  should  be  two  brads  driven  in  the  hub  for 
each  section  of  plaster  to  hold  the  sections  in  place  while  they  are 
being  turned.  After  the  plaster  for  the  key  section  has  hardened,  the 
templets  should  be  located    one  on  each  side  of  the  key  section,  so 


1K' TAPER— R 
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Plff.  31.    Elevation  and  Plan  showing  Oonstruotlon 
of  Sectional  Chuck 
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that  the  two  adjacent  sections  may  be  made.  In  this  way  all  the 
sections  are  finished.  After  about  forty-eight  hours  the  plaster  will 
be  hard  enough  to  turn  in  the  lathe  with  a  hand  tool.  The  form 
should  be  roughly  outlined  and  plenty  of  stock  left  for  shrinkage,  as 
bronze  shrinks  considerably.  Before  taking  the  sections  oft  the  wooden 
frame,  the  metal  band  D  should  be  removed  to  allow  the  sections  to 
be  separated.  This  should  not  be  done,  however,  until  they  are  num- 
bered, so  that  they  can  be  again  placed  in  their  proper  positions. 
After  the  sections  are  cast,  they  should  be  surfaced  on  a  disk  grinder, 
or  finished  with  a  file,  care  being  taken  to  remove  as  little  metal  as 
possible.    Each  section  is  next  tinned  on  both  contact  faces,  and  then 


Flff.  32.    A  Modem  Spinning  Lathe 

all  are  assembled  and  sweated  or  soldered  together  by  a  blow-pii)€. 
It  is  sometimes  necessary  to  put  a  couple  of  strong  metal  bands  around 
the  sections  to  hold  them  firmly  in  place  when  soldering  and  also 
to  support  them  during  the  turning  operation. 

The  central  hub  A  should  be  machined  'first;  then  the  assembled 
outside  shell  should  be  machined  to  fit  the  hub  A,  both  on  the  taper 
part  and  at  the  point  D.  While  the  segments  are  being  bored  and 
faced,  they  are  held  by  the  extension  ends  (not  shown)  which  were 
provided  for  this  purpose.  This  outer  shell  should  also  be  machined 
all  over  the  inside  so  that  it  will  be  in  balance.  It  is  then  taken  out  of 
the  chuck  and  a  hole  is  drilled  in  the  largest  section  for  drive  pin  H. 
The  hub  A  is  then  caught  in  the  lathe  chuck  with  the  assembled  sec- 
tions on  it,  and  a  seat  is  turned  for  the  cap  B.  After  this  is  done 
the  binder  bands  can  be  removed,  but  not  before.  The  chuck  can  be 
finished  with  a  hand  tool  and  file  after  the  roughing  cut  is  taken. 
After  the  sections  are   removed   from   the  hub  and  numbered  at  the 
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bottom  or  inner  ends,  they  can  be  separated  by  heating  them.  If  the 
joints  are  properly  fitted  there  will  be  only  *a  thin  film  of  solder, 
which  can  be  wiped  off  when  hot. 

A  twenty-four-inch  metal  spinning  lathe  that  is  rigged  up  in  a  mod- 
ern way,  is  shown  in  Fig.  32.  The  hand  wheel  of  the  tailstock  has 
been  discarded  for  the  lever  A,  which  is  more  rapid  and  can  be  ma- 
nipulated without  stopping  the  lathe.  This  lathe  has  a  roller  bearing 
for  the  center  B  which  Is  a  practical  improvement  over  types  pre- 
viously used.  The  liln  C,  which  is  used  In  the  rest  as  a  fulcrum  for 
the  spinning  tools,  is  also  an  improvement,  being  larger  than  those 
ordinarily  used.     It  is  %  inch  in  diameter,  6  inches  long,  and  it  has 


Flff.  33.    View  sbo-wlngr  how  the  Tool  is  held  when  Spinning 

a  reduced  end  for  the  holes  in  the  rest,  %  inch  in  diameter  by  1  inch 
long.  This  pin  is  large  enough  so  that  the  spinner  can  conveniently 
hold  it  with  his  left  hand  when  necessary,  and  it  can  also  be  rapidly 
changed  to  different  holes.  The  pins  ordinarily  used,  because  of  their, 
small  size,  do  not  have  these  advantages.  The  speed  of  a  spinning 
lathe  having  a  five-step  cone  should  be  about  2,250  to  2,300  revolu- 
tions per  minute  with  the  belt  on  the  smallest  step,  and  from  600  to 
700  revolutions  per  minute  with  the  belt  on  the  largest  step.  The 
fastest  speed  given  is  suitable  for  all  work  under  5  inches  in  diam- 
eter, and  the  slowest  for  work  within  the  capacity  of  the  lathe.  On 
large  shells  it  is  sometimes  necessary  to  change  from  one  speed  to 
another  as  the  work  progresses.  Figs.  33  and  34.  show  the  spinner  at 
work,  and  illustrate  how  the  tool  should  be  held,  and  also  the  proper 
position  of  the  left  hand. 
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Construction  of  the  Tailstock  and  Back-center 

Fig.  35  shows  a  spinning-lathe  tailstock,  which  has  heen  changed 
from  the  hand-wheel-and-screw  type  to  one  having  a  lever  and  a  roller 
bearing.  The  spindle  A  which  is  withdrawn  from  the  lever  and 
turned  one-quarter  of  a  revolution  to  give  a  better  view  of  the  rollers, 
is  made  from  1%-inch  cold  rolled  steel.  The  rollers  against  which 
the  center  bears  do  not  project  beyond  the  spindle,  so  that  the  latter 
can  be  withdrawn  through  the  tailstock.  This  eliminates  the  excessive 
overhang  caused  by  ball  bearings  and  other  centers.  When  the  cen- 
ter projects  too  far,  the  tailstock  cannot  be  set  close  to  the  work, 
owing  to  the  necessity  of  withdrawing  the  center  when  removing  the 


Fiff.  34.    Another  Vi«w  sbowlnff  the  Position  of  the  Spinner  and  the 
Way  the  Tool  Is  held  when  fbrmlngr  the  Metal 

spun  part.  The  application  of  this  principle  to  a  spinning  lathe  is 
original  and  the  type  of  center  illustrated  was  used  only  after  all 
other  kinds  had  failed,  including  all  the  types'  of  ball  bearings  and 
revolving  pins.  The  best  forms  of  ball  bearing  centers  do  not  last 
over  a  year,  if  in  constant  use,  and  they  will  not  always  revolve  on 
small  work.  Two  other  spindles  are  shown  In  this  engraving,  which 
were  taken  from  other  lathes  In  order  to  show  different  views  of«  the 
parts.  The  cylindrical  pieces  B  are  the  hardened  friction  rollers 
which  belong  in  the  slot  of  the  spindle  F,  and  0  is  the  hardened  pin 
upon  which  they  revolve.  The  hardened  center  D  has  a  threaded  end 
on  which  the  back-centers  E  of  different  lengths  and  shapes  are 
screwed.  The  friction  rollers  should  always  be  In  a  vertical  position, 
and  care  should  be  taken  to  have  them  exactly  central  with  the  spindle. 
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and  also  gives  the  principal  dimensions  of  a  roller  bearing  for  a  1%- 
inch  spindle.  A  is  a  hardened  steel  bushing,  which  is  driven  into 
the  machine  steel  spindle.  The  parts  B  are  the  hardened  steel  rollers 
which  travel  in  opposite  directions.  These  rollers  have  a  small  amount 
of  friction,  and  this  is  distributed  over  a  large  area.    A  spindle  revolv- 


Fiff.  36.    Detailed  View  of  a  Spinning- lathe  TaiUtock 


ing  at  2,300  revolutions  per  minute  will  not  cause  these  rollers  to 
rotate  very  rapidly,  while  a  ball  bearing  with  balls  traveling  in  a 
channel  1%  inch  or  2  inches  in  diameter  would  be  traveling  at  the 
same  speed  as  the  driving  spindle.  They  also  wear  out  rapidly  as  the 
end  strain  is  very  great,  it  being  necessary  to  force  the  center  against 
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Fi|r.  36.    Sectional  View  eho^nff  the  Back-oenter  and  its 
Double  RoUer  Bearing 

the  metal  with  considerable  pressure  to  keep  it  from  slipping.  C  is  the 
hardened  pin  upon  which  the  rollers  revolve,  and  D  is  the  hardened 
spindle  on  wlilch  the  various  back-centers  are  screwed.  The  collar  E 
should  either  be  flattened  for  a  wrench,  or  a  5/16-inch  hole,  in  which  a 
wire  can  be  inserted,  should  be  drilled  through  the  spindle,  so  that 


Digitized  by 


Google 


32  No.  57— METAL  SPINNING 

it  can  be  kept  from  rotating  when  screwing  on  the  back-centers.  Some 
spinners  prefer  the  spindle  loose,  so  that  it  can  be  withdrawn  when 
changing  the  centers,  while  others  prefer  one  with  considerable  lateral 
motion,  but  not  enough  to  permit  of  withdrawal.  By  inserting  a 
screw-point  in  the  recess  F,  the  center  has  considerable  lateral  mo- 
tion, but  not  enough  to  allow  it  to  be  withdrawn.  This  recess  is  use- 
ful in  that  it  helps  to  distribute  the  oil.  All  parts  should  be  hard- 
ened and  drawn  to  a  light  straw  color;  they  should  also  be  ground  or 
lapped  to  a  true  fit  after  hardening.    Back-centers  of  this  construction 


Fiff.  37.    Attachment  used  for  RoUlnff  Sharp  Turns  and  Beads 

have  been  in  use  for  over  three  years  in  one  establishment,  and  it 
has  not  been  necessary  to  replace  a  single  part. 

Tools  Used  in  Metal  Spinningr 

Fig.  37  shows  an  attachment  which  is  used  to  roll  any  bead  or  form. 
This  tool,  when  in  use,  is  inserted  in  the  tailstock  spindle  in  place 
of  the  regular  center.  It  is  adjustable  for  any  diameter.  The  roll 
illustrated  Is  for  making  a  sharp  turn,  but  rounds  and  other  forms 
are  used.  The  shell  being  spun  by  this  tool  should  be  held  on  a  hol- 
low chuck.  The  roll  is  set  at  a  point  where  the  metal  is  to  be  turned 
over,  and  by  its  use  the  curve  may  be  governed  and  made  uniform 
with  less  skill  than  when  the  work  is  done  by  "air  spinning."  In 
addition,  the  spinning  may  be  done  in  less  time.  This  attachment, 
fcr  some  shapes,  makes  the  use  of  sectional  chucks  unnecessary. 

Fig.  38  shows  several  spinning  tools;  the  heads  of  which  were  turned 
in  the  lathe  instead  of  being  forged.  This  method  of  making  spin- 
ning tools  is  believed  to  be  original.  The  spinners  prefer  them  to 
the  tools  which  are  forged  in  one  piece,  because  the  heads  which 
are  screwed  to  the  shanks   are  made  of  the  best  quality  of  steel,  such 
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as  the  high-speed  or  self-hardening  steel.  The  shapes  are  also  better 
and  the  surfaces  more  true.  The  heads  of  these  tools  are  all  threaded 
with  standard  ^-Inch,  %-inch  and  %-inch  pipe  taps,  according  to  the 
size.  Obviously,  a  spinner  can  have  as  many  different  shaped  heads 
as  may  be  required  of  each  of  the  sizes  given,  and  only  one  handle. 


Ftgr.  38.    Metal  Spinning  Tools  with  High-speed  Steel  Removable  Beads 

The  tapering  threads  In  these  heads  insure  that  they  will  always 
screw  on  the  shanks  tightly  no  matter  how  often  they  may  be  replaced. 
The  ^-inch  size  takes  a  %-inch  cold  rolled  holder;  the  %-lnch,  a 
"flinch  holder,  and  the  %-lnch,  a  %-lnch  holder.  These  will  be  found 
large  enough  for  the  heaviest  work.    The  egg-shaped  tool  A  is  a  good 


Fig.  so.    Tools  used  for  TrimmlDff  end  Skimming:  Spiui  Work 

form  for  roughing  or  breaking  down,  as  it  has  plenty  of  clearance 
on  the  heel,  and  a  blunt  point  that  will  not  tear  the  metal.  This  tool 
is  shown  In  four  sizes.  The  ball  or  spherical  tool  B  is  a  good  one  to 
to  use  on  curves  and  large  sweeps.  The  tool  C  is  elliptic,  and  is 
slightly  different  from   A,  as   it  has  a  blunter  point.     One  of  these 
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heads  is  shown  at  D  screwed  onto  a  reducer  by  which  it  is  held  in  the 
lathe  chuck  while  being  turned.  These  heads  or  points  can  also  be 
turned  while  on  the  handle  by  using  a  steady  rest 


Flff.  40.    A  Group  of  Spinninsr  Tools  of  Various  Shapes 


iimm 


Fig.  41.    Another  Group  of  Spinning  Tools 

A  group  of  trimmers,  skimmers  and  edgers  is  shown  in  Fig.  39. 
Three  skimmers  of  the  built-up  type  are  illustrated,  the  shanks  being 
of  machine  steel  and  the  blades  being  riveted  to  the  holders.    These 
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blades  are  made  of  either  high-speed  or  regular  steel.  Skimmers 
which  are  forged  in  the  regular  way  from  one  piece  of  steel,  are 
shown  at  B.  A  number  of  edgers  C,  which  are  made  of  high-speed  or 
self-hardening  steel,  are  also  illustrated.  These  tools  are  used  with- 
out handles  until  they  are  worn  down  short,  after  which  tangs  are 
forged  on  their  ends  and  they  are  used  in  handles.  Edgers  are  util- 
ized on  all  kinds  of  work  for  trimming  the  ends  of  the  shells.  The 
skimmer  is  seldom  used  on  metal  chucks,  but  mostly  in  connection 
with  wooden  chucks,  where  the  metal  cannot  be  smoothed  down  with 
a  planisher.  The  skimmer  is  run  over  the  metal  lightly,  taking  a 
thin   shaving  and   smoothing  the   uneven  surfaces.     It  requires  con- 


Ffgr.  42.    Spinners'  Pliers  which  are  used  for  turning  the  Edffe  of  the 
Metal  when  making  a  Lariro  Bendi 

siderable  skill  to  use  this  tool  without  wasting  the  metal.  The  sur- 
face of  the  work  is  finished  with  emery  cloth  after  skimming. 

Figs.  40  and  41  show  a  number  of  spinning  tools  of  various  shapes. 
The  letters  A  indicate  the  breaking-down  or  round-nosed  tools  of  differ- 
ent sizes.  This  type  of  tool,  which  is  finished  smooth  and  has  a  blunt 
point,  is  used  for  forming  corners  and  sharp  angles,  and  it  is  the  tool 
most  commonly  used  by  spinners.  The  planishers  and  burnishers  B 
are  used  on  all  convex  surfaces  and  for  finishing  on  metal  chucks 
where  there  is  to  be  no  skimming  done.  The  tools  C  are  known  as 
hook  or  poker  tools,  and  they  are  used  to  turn  up  beads  or  curves  from 
the  inside  of  the  shell.  The  holders  having  rollers  are  used  for  turn- 
ing over  beads,  the  metal  first  being  trimmed  and  turned  to  a  vertical 
position.  The  other  shapes  shown  are  irregular  tools  for  special  work 
and  they  are  not  in  daily  use. 

Two  pairs  of  spinners*  pliers  for  turning  over  the  edge  of  the  metal 
when  making  large  curves  are  shown  in  Fig.  42.     The  wedge-shaped 
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pieces  shown  in  this  illustration  are  used  when  breaking  down  or 
roughing  shells  to  give  a  bearing  to  the  metal  in  order  to  prevent  it 
from  wrinkling  or  buckling  when  changing  its  formation.  These  pieces 
are  made  of  hard  wood  with  the  exception  of  the  one  to  the  right, 
which  is  of  steel.  When  one  of  these  pieces  is  in  use  it  is  held  in 
the  left  hand  at  a  point  directly  opposite  the  spinning  tool,  the  metal 
being  between  the  two.  Wood  is  preferable  in  most  cases,  as  it  does 
not  harden  the  metal  blank. 

The  tools  shown  in  Fig.  43  are  used  in  spinning  steel.     The  round 
tools  are  of  drawn  brass,  and  they  can  be  used  where  the  steel  tools 


Fig.  43.    Some  Splxming  Tools  used  In 
'  Worklngr  Steel 

cannot,  for  while  a  steel  tool  is  perfection  on  brass,  a  brass  tool  is  the 
only  thing  on  steel.  It  wears  out,  however,  much  more  rapidly  than 
one  of  steel.  The  rolls  shown  in  the  center  are  used  for  breaking 
down  steel  shells.  These  tools  are  hardened  and  have  hardened  roller 
bearings.  The  handles  are  made  of  one-inch  iron  pipe,  which  is  filled 
with  lead  to  give  weight  and  strength. 

Hard  wood  tools  that  are  used  for  breaking  down  large  thin  copper 
blanks  ranging  from  2  to  5  feet  in  diameter  are  shown  in  Fig.  44. 
These  tools  are  also  used  where  the  surface  that  the  tool  will  cover 
without  hardening  the  metal  is  important.  Blanks  which  are  broken 
down  with  these  tools  are  finished  with  the  regular  types. 

The  handles  of  spinning  tools  vary  in  diameter  from  I14  to  1% 
Inch,  and  In  length  from   16   Inches  to   20  Inches.     The  tools  should 
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project  from  the  handles  from  9  to  18  inches,  and  the  total  length  of 
the  tool  and  handle  should  average  from  30  to  34  inches. 

A  group  of  wood  working  tools  is  shown  in  Fig.  45.  These  tools 
are  of  the  type  commonly  used  hy  spinners  for  turning  the  various 
shapes  of  wooden  spinning  chucks.  As  the  tools  illustrated  are  the 
kind  regularly  used  for  wood  turning  by  patternmakers  and  other 
wood-workers  generally,  they  will  need  no  description. 

Preparation  of  the  Metal 

Brass,  copper,  and  German  silver  should  be  pickled  after  annealing  in 
order  to  get  the  scale  or  oxide  from  the  surface.  There  are  furnaces 


Tig.  44.    Wooden  Tools  which  are  used  on  Larffe 
Thin  Copper  Blanks 

that  anneal  without  scaling  by  excluding  tl)e  air  when  heating,  but 
they  are  not  in  general  use.  A  pickling  bath  may  be  made  by  using 
one  part  of  oil  of  vitriol  (sulphuric  acid)  and  five  parts  of  water.  The 
shells  can  be  put  in  hot,  or  the  bath  can  be  heated  by  a  coil  of  lead 
or  copper  pipe  running  through  it.  Steam  in  no  case  should  enter 
the  bath,  as  the  iron  in  the  feed  pipe  will  spoil  the  pickle.  Any  basket 
or  box  that  may  be  used  to  hold  the  shells  in  the  pickle  should  not 
contain  any  iron.  If  a  box  is  used  it  should  be  held  together  with 
copper  nails.  The  pickle  can  be  used  cold,  but  it  will  take  a  little 
longer  time  to  remove  the  scale.  As  soon  as  the  scale  is  free,  which 
will  be  in  about  half  an  hour,  the  shells  should  be  removed  or  washed 
thoroughly  in  running  water.  The  shells  should  be  allowed  to  dry 
before  the  next  operation,  which  is  that  of  spinning.     A  lead-lined 
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wooden  tank  or  an  earthen  jar  may  be  used  for  holding  the  pickle. 
The  pickle  which  is  used  for  steel  should  be  about  half  as  strong  as 
that  employed  for  brass.  After  the  work  is  in  this  pickle,  the  latter 
should  be  brought  to  the  boiling  point,  after  which  the  pieces  should 


Fig.  46.    Wood-tumingr  Tools  which  are  used  In  turnlngr 
Spinning  Chucks 

be  taken  out   and  washed.     They  are  then  replaced   in   the   fire   for 
a  short  time  to  evaporate  any  acid  that  may  remain  after  washing. 

Finished  brass  articles  may  be  given  different  shades  by  dipping 
them  in  a  solution  consisting  of  one  part  aqua  fortis  (nitric  acid)  and 
two  parts  oil  of  vitriol.  This  solution  should  stand  seven  or  eight 
hours  to  cool  after  mixing,  and  be  kept  in  a  crock  immersed  in  a 
water  bath. 
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INTRODUOTION 

Machinebt'8  Reference  Book,  No.  91,  is  the  first  of  a  series  contain- 
ing, in  condensed  form,  information  on  the  operation  of  various  types 
of  machine  tools.  The  first  two  books  (Nos.  91  and  92)  are  descriptive 
of  lathe  work,  and  the  succeeding  numbers  deal  with  machines  of  other 
types,  such  as  the  planer,  shaper,  drill-press,  horizontal  and  vertical 
boring  machines,  milling  machine,  and  grinder.  In  each  case,  a  tool 
of  tjrpical  design  has  been  selected,  and  the  important  points  connected 
with  its  operation  and  use  have  been  considered.  The  method  of  setting 
up  a  Brown  &  Sharx>e  automatio  screw  machine,  with  a  detailed  descrip- 
tion of  its  operation,  is  also  given  in  this  series.  In  the  operation  or 
manipulation  of  machine  tools,  as  well  as  in  other  branches  of  machine 
construction,  there  are  many  things  which  are  learned  more  easily  by 
experience  than  in  any  other  way;  in  fact,  it  would  be  impossible  "by 
a  written  explanation  to  convey  more  than  a  crude  idea  regarding  many 
methods  connected  with  shop  practice.  Therefore,  in  this  series,  no 
attempt  has  been  made  to  cover  every  phase  of  machine  work,  but  we 
have  endeavored  to  explain  the  more  important  features  connected  with 
the  use  of  standard  machine  tools.  The  various  methods  referred  to 
are  not,  in  every  case,  given  as  the  best  from  a  standpoint  of  accuracy, 
nor  has  the  time  element  always  been  considered,  but  an  effort  has 
been  made,  instead,  to  select  simple  methods  and  examples  which  would 
clearly  illustrate  the  principles  involved.  As  the  variety  of  machine 
tools  now  in  use  is  extensive,  and  as  different  types  can  often  be  em- 
ployed for  the  same  kind  of  work,  it  might  be  well,  in  the  beginning, 
to  call  attention  to  the  fact  that  the  best  type  of  tool„to  use  for  ma- 
chining a  given  class  of  work  frequently  depends  on  circumstances.  To 
illustrate,  a  certain  part  might  be  turned  in  a  lathe,  which  could  be 
finished  in  some  form  of  automatic  or  semi-automatic  turning  machine 
much  more  quickly.  It  does  not  necessarily  follow,  however,  that  the 
automatic  is  the  best  machine  to  use;  because  the  lathe  is  designed 
for  general  work  and  the  part  referred  to  could  doubtless  be  turned 
with  the  regular  lathe  equipment,  whereas  the  automatic  machine 
would  require  special  tools  and  it  would  also  need  to  be  carefully  ad- 
justed. Therefore,  if  only  a  few  parts  were  needed,  the  lathe  would 
be  the  best  tool  to  use,  but  if  a  large  number  were  required,  the  auto- 
matic or  semi-automatic  machine  would  probably  be  preferable,  be- 
cause the  saving  in  time  effected  by  the  latter  type  would  more  than 
offset  the  expense  for  tool  equipment  and  setting  the  machine.  It  is 
also  necessary,  in  connection  with  some  work,  to  consider  the  degree 
of  accuracy  required,  as  well  as  the  rate  of  production,  and  it  is  be- 
cause of  these  varying  conditions  that  work  of  the  same  general  class 
is  often  done  in  machines  of  different  types,  in  order  to  secure  the  most 
efficient  results.  This  matter  has  been  referred  to  at  the  outset  to  in- 
dicate, in  a  general  way,  the  principle  of  tool  selection. 
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CHAPTER  I 


OBNBRAL  DBSORIPTION  OP  AN  BNQINB  LATHB 

The  standard  * 'engine"  lathe,  which  is  the  type  commonly  used  by 
machinists  for  doing  general  work,  is  one  of  the  most  important  tools 
in  a  machine  shop,  because  it  is  adapted  to  a  great  variety  of  work, 
such  as  turning  all  sorts  of  cylindrically  shaped  parts,  boring  holes, 
cutting  threads,  etc.  The  illustration  Fig.  1  shows  a  lathe  which, 
in  many  respects,  represents  a  typical  design,  and  while  some  of  the 
parts  are  arranged  differently  on  other  makes,  the  general  construction 
is  practically  the  same  as  on  the  machine  illustrated. 

The  principal  parts  are  the  bed  B,  the  headstock  H,  the  tailstock  T, 
and  the  carriage  C,  The  headstock  contains  a  spindle  which  is  rotated 
by  a  belt  that  passes  over  the  cone-pulley  P,  and  this  spindle  rotates 
the  work,  which  is  usually  held  between  pointed  or  conical  centers  h 
and  hi  in  the  headstock  and  tailstock,  or  in  a  chuck  screwed  onto  the 
spindle  instead  of  the  faceplate  F,  The  carriage  C  can  be  moved  length- 
wise along  the  bed  by  turning  handle  (f,  and  it  can  also  be  moved  by 
power,  the  movement  being  transmitted  from  the  headstock  spindle 
either  through  geart  a,  &,  e,  and  screw  8,  or  by  a  belt  operating  on 
pulleys  p  and  Pi,  which  drive  the  feed-rod  R,  The  screw  8  is  used 
when  cutting  threads,  and  the  feed-rod  R  for  ordinary  turning  opera- 
tions; in  this  way  the  screw  is  worn  as  little  as  possible,  and  its 
accuracy  is  preserved.  On  the  carriage,  there  is  a  cross-slide  D  which 
can  be  moved  at  right  angles  to  the  lathe  bed  by  handle  e,  and  on  D 
there  is  an  upper  or  compound  slide  E  which  can  be  swiveled  to 
different  positions.  The  tool  f,  that  does  the  turning,  is  clamped  to 
the  upper  slide,  as  shown,  and  it  can  be  moved  with  relation  to  the 
work  by  the  lengthwise  movement  of  the  carriage  C  on  the  bed,  by 
moving  slide  D  crosswise,  and  by  slide  E,  which  can  be  set  to  any 
required  angle.  The  first  two  movements  can  be  effected  by  power, 
the  lengthwise  feed  being  engaged  by  tightening  knob  k,  and  the  cross- 
feed  by  tightening  knob  I.  The  direction  of  either  of  these  movements 
can  also  be  reversed  by  shifting  lever  r.  Ordinarily  the  carriage  and 
slide  are  adjusted  by  hand  to  bring  the  tool  into  the  proper  position 
for  turning  to  the  required  diameter,  and  then  the  power  feed 
(operating  in  the  desired  direction)  is  engaged.  The  tailstock  T 
can  be  clamped  in  different  positions  along  the  bed,  to  suit  the  length 
ot  the  work,  and  its  center  hi  can  be  moved  in  or  out  for  a  short 
distance,  when  adjusting  it  to  the  work,  by  turning  handle  n. 

As  some  metals  are  much  harder  than  others,  and  as  the  diameter 
of  the  part  that  is  to  be  turned  also  varies,  speed  changes  are  neces- 
sary, and  these  are  obtained  by  placing  the  driving  belt  on  different 
steps  of  cone-pulley  P,  and  also  by  the  use  of  back-gears.  The  cone- 
pulley  can  be  connected  directly  with  the  spindle  or  be   disengaged 
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from  it  by  means  of  bolt  m.  When  the  pulley  and  spindle  are  connected, 
five  speeds  (with  this  particular  lathe)  are  obtained  by  simply  shifting 
the  driving  belt  to  different  steps  of  the  cone.  When  a  slower  speed  is 
required  than  can  be  obtained  with  the  belt  on  the  largest  step  of  the 
cone,  the  latter  is  disconnected  from  the  swindle,  and  the  back-gears  G 
and  G„  (shown  In  the  plan  view  Pig.  2)  are  moved  forward  into  mesh 
by  turning  handle  0;  the  drive  is  then  from  cone-pulley  P  and  gear  L 
to  gear  (?,  and  from  gear  Oi  to  the  large  gear  J  on  the  spindle.  When 
driving  through  the  back-gears,  five  more  speed  changes  are  obtained 
by  shifting  the  position  of  the  driving  belt,  as  before.  Changes  of  feed 
for  the  tool  are  also  required,  and  these  are  obtained  by  shifting  the 
belt  operating  on  pulley's  p  and  p,  to  different-sized  steps. 
Front  and  rear  views  of   the   carriage  apron,   which   contains   the 
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Fiff.  fi.    Plan  View  of  Headstook  showing  Baok-ffears 

feeding  mechanism,  are  shown  in  Figs.  3  and  4,  to  indicate  how  the 
feeds  are  engaged  and  reversed.  The  feed-red  R  (Fig.  1)  drives  the 
small  bevel  gears  A  and  A^  (Figs.  3  and  4)  which  are  mounted  on 
a  slide  S  that  can  be  moved  by  lever  r  to  bring  either  bevel  gear  into 
mesh  with  gear  B,  Gear  B  is  attached  to  pinion  b  (see  Fig.  3) 
meshing  w^ith  gear  C,  which,  when  knob  k  is  tightened,  is  locked  by  a 
friction  clutch  to  pinion  c.  The  latter  pinion  drives  gear  D  which 
rotates  shaft  E.  A  pinion  cut  on  the  end  of  shaft  E  engages  rack  K 
(Fig.  1)  attached  to  the  bed,  so  that  the  rotation  of  E  (which  is 
controlled  by  knob  k)  moves  the  carriage  along  the  bed.  To  reverse 
the  direction  of  the  movement,  it  Is  only  necessary  to  throw  gear  A 
into  mesh  and  gear  A,  out,  or  tnce  versa,  by  operating  lever  r.  When 
the  carriage  is  traversed  by  hand,  shaft  E  and  gear  D  are  rotated  by 
pinion  di  connected  with  handle  d. 
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The  drive  for  the  cross-feed  Is  from  gear  C  to  gear  F  which  can  be 
engaged  through  a  friction  clutch  (operated  by  knob  I)  with  gear  O 
meshing  with  a  pinion  H,  The  latter  rotates  the  cross-feed  screw, 
which  passes  through  a  nut  attached  to  slide  D  (Fig.  1),  thus  moving 
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Flff.  8.    Ijathe  Apron 

the  latter  at  right  angles  to  the  ways  of  the  bed.  The  cross-feed  is 
also  reversed  by  means  of  lever  r.  As  previously  explained,  lead-screw 
S  is  only  used  for  feeding  the  carriage  when  cutting  threads.  The 
carriage  is   engaged  with  this  screw  by  means  of  two   half-nuts   y 
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ng.  4.    Ba»r  View  of  L»tbe  Apron 

that  are  free  to  slide  vertically  and  are  closed  around  the  screw  by 
operating  lever  «.  These  half-nuts  can  only  be  closed  when  lever  r  is  in 
a  central  or  neutral  position,  so  that  the  screw  feed  and  the  regular 
turning  feed  cannot  be  engaged  at  the  same  time. 
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EXAMPLE  OP  CYLINDRICAL  TURNING 

Having  now  considered  the  principal  features  of  what  might  be 
called  a  standard  lathe,  the  method  of  using  it  in  the  production  of 
machine  parts  will  be  explained.  The  first  example  of  work  that  will 
be  referred  to  Is  shown  in  Fig.  6,  which  represents  a  drawing  of  the 
part.  It  is  a  steel  shaft,  the  diameter  of  which  must  be  2V4  inches 
and  the  length  14^  inches,  these  being  the  finished  dimensions.  We 
will  assume  that  the  rough  stock  is  cut  off  to  a  length  of  14%  inches 
and  has  a  diameter  of  2%  inches.  The  first  step  in  this  operation  is 
to  form  conically  shaped  center-holes  in  each  end  of  the  piece  as  indi- 


9\g,  6.    Plan  TIew  Showlnff  Work  Moontod  Betw*«n  Oentors 

cated  at  c  in  Fig.  5.  As  all  work  of  this  kind  is  held,  while  being 
turned,  between  the  centers  h  and  h^,  holes  corresponding  in  shape  to 
these  centers  are  necessary  to  keep  the  work  in  place.  There  are  sev- 
eral methods  of  forming  these  center-holes,  as  explained  in  Chapter 
III. 

After  the  work  is  centered,  a  dog  A  is  clamped  to  one  end  by  tighten- 
ing screw  s,  and  is  then  placed  between  the  centers.  The  dog  has  a 
projecting  end  or  tail,  as  it  is  commonly  called,  which  enters  a  slot 
in  the  faceplate  F  and  thereby  drives  or  rotates  the  work,  when 
power  is  applied  to  the  lathe  spindle  onto  which  the  faceplate  is 
screwed.  The  tailstock  center  7i,,  after  being  oiled,  should  be  set  up 
just  tight  enough  to  eliminate  all   play,  without  interfering  with   a 


Digitized  by  CjOOQ iC 


CYLINDRICAL   TURNING 


9 


free  rotary  movement  of  the  work.  This  is  done  by  turning  handle  n, 
and  when  the  center  is  properly  adjusted,  the  tallstock  spindle  con- 
taining the  center  Is  locked  by  tightening  handle  p. 

PaoinfiT  the  Ends  Square  with  a  Side  Tool 
Everything  is  now  ready  for  the  turning  operation.     The  ends  of 
the  piece  should  be  faced  square  before  turning  the  body  to  size,  and 
tlie  tool  for  this  squaring  operation  is  shown  In  PHg.  7;  this  is  known 


Flff.  6.   Bz»mpl»  of  Plain  OyUndrioal  Work 

as  a  side  tool.  It  has  a  cutting  edge  e  which  shaves  off  the  metal 
as  indicated  in  the  end  view  by  the  dotted  lines.  The  side  /  is  ground 
to  an  angle  so  that  when  the  tool  is  moved  in  the  direction  sfhown 
by  the  arrow,  the  cutting  edge  will  come  in  contact  with  the  part 
to  be  turned;  in  other  words,  side  /  is  ground  so  as  to  provide  clearance 
for  the  cutting  edge.  In  addition,  the  top  surface  against  which  the 
chip  bears,  is  beveled  to  give  the  tool  keenness  so  that  it  will  cut 
easily.  As  the  principles  of  tool  grinding  are  treated  separately  in 
Chapter  V  of  Machineby*s  Reference  Book,  No.  92,  we  shall  for  the 
present  consider  the  tool's  use  rather  than  its  form.  For  facing  the 
end,  the  side  tool  Is  clamped  In  the  toolpost  by  tightening  the  screw  m. 


r 
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Flff.  7.    Rlirltt-sld«  Tool 

Fig.  5,  and  it  should  be  set  with  the  cutting  edge  slightly  inclined  from 
a  right-angled  position  as  shown.  The  cutting  edge  should  also  be 
about  the  same  height  as  the  center  of  the  work.  When  the  tool  is  set, 
the  lathe  (if  belt-driven)  is  started  by  shifting  an  overhead  belt  and 
the  tool  is  then  moved  in  until  the  point  is  in  the  position  shown  at  A, 
Fig.  8.  The  tool-point  is  then  fed  against  the  end  by  handle  d,  Fig.  5, 
until  a  light  chip  is  being  turned  off,  and  then  it  is  moved  outward  by 
handle  e  (as  indicated  by  the  arrow  at  B,  Fig.  8),  the  carriage  re- 
maining stationary'.  As  the  movement  of  the  tool-point  Is  guided  by 
the  cross-slide  D,  which  Is  at  right  angles  with  the  axis  of  the  work, 
the  end  will  be  faced  square.     For  short  turning  operations  of  this 
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kind,  the  power  feeds  are  not  used  as  they  are  intended  for  compara- 
tively long  cuts.  If  it  were  necessary  to  remove  much  metal  from  the 
end,  a  number  of  cuts  would  he  taken  across  the  end;  in  this  case, 
however,  the  rough  stock  is  only  %  Inch  too  long  so  that  this  end 
need  only  be  made  true.  After  taking  a  cut  as  described,  the  surface. 
If  left  rough  by  the  tool-point,  should  be  made  smooth  by  a  second  or 
finishing  cut.  If  the  tool  is  ground  slightly  round  at  the  point  and 
the  cutting  edge  is  set  almost  square,  as  at  C,  Fig.  8.  a  smooth 
finish  can  be  obtained;  the  cut,  however,  should  be  light  and  the 
outward  feed  uniform.  The  work  is  next  reversed  in  the  centers  and 
the  driving  dog  is  placed  on  the  end  just  finished;  the  other  end  iB 
then  faced,  enough  metal  being  removed  to  make  the  piece  14%  inches 
long,  as  called  for  on  the  drawing.    This  completes  the  facing  operation. 


FIff.  e.    Fadnff  Bnd  with  Side  Tool  and  Taming  Work  Oyllndiical 

If  the  end  of  the  work  does  not  need  to  be  perfectly  square,  the 
facing  operation  can  be  performed  by  setting  the  tool  in  a  right-angled 
position  and  then  feeding  it  sidewise,  thus  removing  a  chip  equal 
to  the  width  of  one  side.  Evidently  this  method  is  confined  to  com- 
paratively small  diameters  and  the  squareness  of  the  turned  end  will 
be  determined  by  the  position  of  the  tool's  cutting  edge. 

Lathe  Turningr  Tool— Toiminfir  Work  Cylindrical 

The  tool  used  to  turn  the  body  to  the  required  diameter  is  shaped 
differently  from  the  side  tool,  the  cutting  edge  E  being  curved  as 
shown  in  Fig.  9.  A  tool  of  this  shape  can  be.  used  for  a  variety  of 
cylindrical  turning  operations.  As  most  of  the  work  is  done  by  that 
part  of  the  edge  marked  by  arrow  a,  the  top  of  the  tool  is  ground  to 
slope  back  from  this  part  to  give  it  keenness.  The  end  F,  ojp  the 
fiank,  is  also  ground  to  an  angle  to  provide  clearance  for  the  cutting 
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edge;  for  without  such  clearance,  the  flank  would  rub  against  the 
work  and  the  cutting  edge  would  be  ineffective.  This  type  of  tool  is 
placed  about  square  with  the  work,  for  turning,  and  with  the  cutting 
end  a  little  above  the  center. 

Before  beginning  to  turn,  a  pair  of  outside  calipers  should  be  set 


n^i->rt-.,i-T 


ifft^ff^^a^ 


Flf.  O.    Tool  used  tor  OjUndiioal  TamJnff 

to  2^  inches,  which,  In  this  case,  is  the  finished  diameter  of  the  work. 
Calipers  are  sometimes  set  by  using  a  graduated  scale  as  at  A,  Fig.  10, 
or  they  can  be  adjusted  to  fit  a  standard  cylindrical  gage  of  the 
required  size  as  at  B,  Yqty  often  fixed  caliper  gages  C  are  used  instead 
of  the  adjustable  spring  calipers.  These  fixed  gage»,  sometimes 
called  "snap"  gages,  are  accurately  made  to  different  sizes,  and  they 
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are  particularly  useful  when  a  number  of  pieces  have  to  be  turned 
to  exactly  the  same  size. 

The  turning  tool  is  started  at  the  right  end  of  the  work  and  thft 
carriage  should  be  moved  with  the  left  hand  when  beginning  a  cut. 
as  shown  in  Fig.  11,  in  order  to  have  the  right  hand  free  for  calipering. 
A  short  space  is  first  turned  by  hand  feeding,  as  at  D,  Fig.  8,  and  when 
the    calipers   show    that   the   diameter    is    slightly    greater    than    the 
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finished  size  (to  allow  for  a  light  finishing  ciit),  the  power  feed  for 
the  carriage  is  engaged;  the  tool  then  moves  along  the  work  reducing  it 
as  at  E,  Evidently,  if  the  movement  is  along  a  line  6 — ft,  parallel  with 
the  axis  a — a,  the  diameter  d  will  be  the  same  at  all  points,  and  a 
true  cylindrical  piece  will  be  turned.  On  the  other  hand,  if  the 
axis  a — a  is  inclined  one  way  or  the  other,  the  work  will  be  made 
tapering;  in  fact,  the  tailstock  center  7i,  can  be  adjusted  laterally 
for  turning  tapers,  but  for  straight  turning,  both  centers  must  be  In 
alignment  with  the  carriage  travel.  Most  lathes  have  lines  on  the 
stationary  and  movable  parts  of  the  tailstock  base  which  show  when 
the  centers  are  set  for  straight  turning.  These  lines,  however,  may 
not  be  absolutely  correct,  and  it  is  good  practice  to  test  the  alignment 
of  the  centers  before  beginning  to  turn.    This  can  be  done  by  taking 
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trial  cuts,  at  each  end  of  the  work  (without  disturbing  the  tool's 
crosswise  position),  and  then  comparing  the  diameters,  or  by  testing 
the  carriage  travel  with  a  true  cylindrical  piece  held  between  the 
centers. 

If  the  relative  positions  of  the  lathe  centers  is  not  known,  the  work 
ahould  be  callpered  as  the  cut  progresses  to  see  if  the  diameter  d 
is  the  same  at  all  points.  In  case  the  diameter  gradually  increases, 
the  tailstock  center  should  be  shifted  slightly  to  the  rear  before  taking 
the  next  cut,  but  if  the  diameter  gradually  diminishes,  the  adjust- 
ment would,  of  course,  be  made  in  the  opposite  direction.  The  diam- 
eter is  tested  by  attempting  to  pass  the  calipers  over  the  work.  When 
the  measuring  points  just  touch  the  work  as  they  are  gently  passed 
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across  it,  the  diameter  being  turned  is  evidently  the  same  as  the  size 
to  which  the  calipers  are  set. 

As  the  driving  dog  is  on  one  end,  the  cut  cannot  be  taken  over  the 
entire  length,  and  when  the  tool  has  arrived  at  say  position  x.  Fig.  5, 
it  is  returned  to  the  starting  point  and  the  work  is  reversed  in  the 
centers.  The  large  end  is  then  turned,  and  if  the  cross-slide  has 
not  been  moved,  the  tool  will  meet  the  first  cut.  The  two  cuts  will 
not  be  joined  or  blended  together  perfectly,  however,  and  for  this 
reason  a  cut  should  be  continuous  when  this  is  possible. 

BousrhinfiT  and  Finishingr  Cuts 
Ordinarily  in  lathe  work,  as  well  as  in  other  machine  work,  there 
are  two  classes  of  cuts,  known  as  roughing  and  finishing  cuts.    Rough- 
ing cuts  are  for  reducing  the  work  as  quickly  as  possible  almost  to 
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the  required  size,  whereas  finishing  cuts,  as  the  name  implies,  are 
intended  to  leave  the  part  smooth  and  of  the  proper  size.  When  the 
rough  stock  is  only  a  little  larger  than  the  finished  diameter,  a  single 
cut  is  sufficient,  but  if  there  is  considerable  metal  to  turn  away,  one 
or  more  deep  roughing  cuts  would  have  to  be  taken,  and,  finally,  a 
light  cut  for  finishing.  In  this  particular  case,  one  roughing  and  one 
finishing  cut  would  doubtless  be  taken,  as  the  diameter  has  to  be 
reduced  %  inch.  Ordinarily  the  roughing  cut  would  be  deep  enough 
to  leave  the  work  about  1/32  or  perhaps  1/16  Inch  above  the  finished 
size.  When  there  is  considerable  metal  to  remove  and  a  number  of 
roughing  cuts  have  to  be  taken,  the  depth  of  each  cut  and  the  feed 
of  the  tool  are  governed  largely  by  the  pulling  power  of  the  lathe 
and  the  strength  of  the  work  to  withstand  the  strain  of  a  heavy  cut 
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Of  course,  Just  as  few  cuts  as  possible  should  be  taken  in  order  to  save 
time.  The  speed  of  the  work  should  also  be  as  fast  as  the  conditions 
will  allow  for  the  same  reason,  but  as  there  are  many  things  which 
govern  the  speed,  the  feed  of  the  tool,  and  the  depth  of  the  cut,  these 
important  points  are  referred  to  separately  In  Chapter  III  of  Machin- 
ery's Reference  Book  Xo.  92. 

Filinsr  and  Finishinsr 

In  many  cases  the  last  or  finishing  cut  does  not  leave  as  smooth  a 
surface  as  is  required  and  it  is  necessary  to  resort  to  other  means. 
The  method  commonly  employed  tor  finishing  in  the  lathe  is  by  the 
use  of  a  file  and  emery  cloth.  The  work  is  rotated  considerably  faster 
for  filing  than  for  turning,  and  the  entire  surface  is  filed  by  a  fiat, 
single-cut  file,  h^ld  as  shown  in  Fig.  12.  The  file  is  passed  across  the 
work  and  advanced  sidewlse  for  each  forward  stroke  until  the  entire 
surface  is  finished.  The  file  should  be  kept  in  contact  with  the  work 
continually,  but  on  the  return  stroke,  the  pressure  should  be  relieved. 

The  movement  af  the  file  during  the  forward  or  cutting  stroke 
should  be  much  slower  than  when  filing  in  a  vise.  By  moving  the 
file  slowly,  the  work  can  make  a  number  of  revolutions  for  each  stroke, 
which  tends  to  keep  it  round,  as  practically  the  same  amount  of  metal 
is  removed  from  the  entire  circumference.  On  the  other  hand,  short 
rapid  strokes  tend  to  produce  fiat  spots,  or  at  least  an  irregular  sur- 
face, especially  if  the  work  can  only  make  part  of  a  revolution  for  each 
cutting  stroke.  The  pressure  on  the  file  during  the  forward  stroke, 
should  also  be  kept  as  nearly  uniform  as  possible.  It  is  very  difficult 
to  file  a  part  smooth  and  at  the  same  time  to  keep  it  round  and  cylin- 
drical, and  the  more  filing  that  has  to  be  done,  the  greater  the  chance 
of  error.  For  this  reason,  the  amount  left  for  filing  should  be  very 
small;  in  fact,  the  metal  removed  by  filing  should  be  just  enough  to 
take  out  the  tool  marks  and  give  a  smooth  finish.  Very  often  a  satis- 
factory finish  can  be  obtained  with  a  turning  tool,  and  filing  is  not 
necessary  at  all. 

Sometimes  particles  of  metal  collect  between  the  teeth  of  a  file  and 
make  deep  scratches  as  the  file  is  passed  across  the  work.  When 
this,  occurs,  the  teeth  should  be  cleaned  by  using  a  wire  brush  or  a 
file  card,  which  is  drawn  across  the  file  in  the  direction  of  the  teeth. 
This  forming  of  tiny  particles  between  the  teeth  is  known  as  "pinning" 
and  it  can  sometimes  be  avoided  by  rubbing  chalk  on  the  file.  Filing 
is  not  only  done  to  obtain  a  smooth  finish,  but  also  to  reduce  the  work 
to  an  exact  diameter,  as  a  very  slight  reduction  can  be  made  in  this 
way.  If  a  polish  is  desired,  this  can  be  obtained  by  holding  a  piece  of 
emery  cloth  tightly  around  the  work  as  it  revolves.  Most  cylindrical 
parts  can  be  finished  more  quickly  and  accurately  in  the  grinder  than  in 
the  lathe,  and  many  classes  of  work  are,  at  the  in*esent  time,  simply 
rough-turned  in  the  lathe  and  then  ground  to  size  in  a  cylindrical 
grinding  machine. 
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As  mentioned  in  the  preceding  chapter,  there  are  a  number  of  differ- 
ent methods  of  forming  center-holes  in  the  ends  of  parts  that  have  to 
be  turned  while  held  between  lathe  centers.  A  method  of  centering 
light  work,  which  requires  few  special  tools,  is  first  to  locate  a  central 
point  on  the  end  and  then  drill  and  ream  the  center-hole  by  using  the 
lathe  itself. 

LooatlnfiT  the  Centex^Drillinfir  In  the  Lathe 

Hermaphrodite  dividers  are  useful  for  finding  the  center,  as  illus- 
trated at  A,  Fig.  13,  but  if  the  work  is  fairly  round,  a  center-square  B 
is  preferable.  A  line  is  scribed  across  the  end  and  then  another  line 
at  right  angles  to  the  first  by  changing  the  position  of  the  square;  the 
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intersection  of  these  two  lines  will  be  the  center,  which  should  be 
marked  by  striking  a  pointed  punch  C  with  a  hammer.  If  a  cup  or  bell 
center-punch  D  is  available,  it  will  not  be  necessary  to  first  make 
center  lines,  as  the  conical  part  shown  locates  the  punch  in  a  central 
position.  This  style  of  punch  should  only  be  ^sed  on  work  which 
is  fairly  round. 

After  small  centers  have  been  located  in  both  ends,  their  position 
can  be  tested  by  placing  the  work  between  the  lathe  centers  and 
rotating  it  rapidly  by  drawing  the  hand  quickly  across  it.  By  holding 
a  piece  of  chalk  close  to  the  work  as  it  spins  around,  a  mark  will 
be  made  on  the  "high"  side  if  the  centers  are  not  accurate;  the  centers 
are  then  shifted  toward  these  marks.  If  the  work  is  close  to  the  finished 
diameter,  the  centers  should,  of  course,  be  located  quite  accurately  in 
order  that  the  entire  surface  of  the  work  will  be  turned  true  when 
it  is  reduced  to  the  finished  size. 

One  method  of  finishing  these  center-holes  is  indicated  in  Fig.  14. 
A  chuck  C  is  screwed  onto  the  spindle  in  place  of  the  faceplate,  and 
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a  combination  center  drill  and  reamer  R  is  gripped  by  the  chuck 
jaws  and  set  to  run  true.  The  center  is  then  drilled  and  reamed  at  one 
end  by  pressing  the  work  against  the  revolving  drill  with  the  tailstock 
spindle,  which  is  fed  out  by  turning  handle  n.  The  piece  is  then 
reversed  for  drilling  the  opposite  end.  The  work  may  be  kept  from 
revolving  while  the  centers  are  being  drilled  and  reamed,  by  attaching 


Fie.  14.  Dximnff  Ototera  la  llM  LaIIm 

a  dog  to  it  clOBC  to  the  tailstock  end  and  then  adjusting  the  croB0- 
slide  until  the  dog  is  in  contact  with  it.  From  the  foregoing  it  will 
be  seen  that  the  small  centers  made  by  punch  C,  Fig.  13.  serve  as  a 
starting  point  for  the  drill  and  also  as  a  support  for  the  outer  end 
of  the  work  while  the  first  hole  is  being  drilled. 

The  form  of  center-hole  produced  by  a  combination  drill  and  reamer 
is  shown  in  Fig.  17.    A  small  straight  hole  a  in  the  bottom  prevents 


Figs.  16  to  18.   0«Dtor«  of  Inoonwet  and  Oorreet  Form 
the  point  of  the  lathe  center  from  coming  in  contact  with  the  work  and 
insures  a  good  bearing  on  the  conical  surface  c.     The  standard  angle 
for  lathe  centers  is  sixty  degrees,  as  the  illustration  shows,  and  the 
tapering  part  of  all  center-holes  should  be  made  to  this  angle. 

Centering  Machine 
Many  shops  have  a  special  machine  for  forming  centers  which  en- 
ables the  operation  to  be  performed  quickly.     One  type  of  centering 
machine  is  shown   in  Fig.  19.    The  work  is  gripped  in  a  chuck  0 
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that  automatically  locates  it  in  a  central  position  so  that  it  is  not 
necessary  to  lay  out  the  end  before  drilling.  There  are  two  spindles  8 
and  Si  one  of  which  holds  the  drill  and  the  other  the  countersink, 
and  these  are  rotated  by  a  belt  passing  over  pulley  P.  E>ach  of  these 
spindles  is  advanced  by  lever  L  and  either  of  them  can  be  moved  to  a 
position  central  with  the  work,  as  they  are  mounted  in  a  swiveling 
frame.  In  operating  this  machine,  a  small  straight  hole  is  first  made 
by  a  twist  drill  held  in  one  of  the  spindles;  the  other  spindle  is  then 
moved  over   to  the   center  and   the  hole  is   reamed   tapering.     The 


FIff.  19.  SpeolallfoObliie Ibr CtonlBiliiff 

arrangement  is  such  that  neither  spindle  can  be  advanced  by  the 
feeding  lever  except  when  in  a  central  position.  The  amount  that 
each  spindle  can  be  advanced  is  limited  by  a  fixed  collar  inside  the 
head,  and  there  is  also  a  swinging  adjustable  stop  against  which  the 
end  of  the  work  should  be  placed  before  tightening  the  chuck.  These 
two  features  make  it  possible  to  ream  center  holes  of  the  same  size 
or  depth  in  any  number  of  pieces. 

Different  Forms  of  Centers 
In  some  poorly  equipped  shops  it  is  necessary  to  form  centers  by 
the  use  of  a  center-punch  only,  as  there  is  no  better  tool.    If  the  end 
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of  the  punch  has  a  sixty-degree  taper,  a  fair  eenter  can  be  formed  in 
this  way,  but  it  is  not  a  method  to  be  recommended,  especially  when 
accurate  work  is  required.  Sometimes  centers  are  made  with  punches 
that  are  too  blunt,  producing  a  shallow  center,  such  as  the  one  shown 
in  Fig.  15.  In  this  case  all  the  bearing  is  on  the  point  of  the  lathe 
center,  which  is  the  worst  possible  place  for  it.  Another  way  is  to 
simply  drill  a  straight  hole  as  in  Fig.  16;  this  is  also  bad  practice 


Fig.  ao.    Th«  ImpertlKtt  Center  BMurlaff  Im  the  BemH  of  Oentmioff 
b«fbre  Stratchtenlnff 

in  more  than  one  respect.  Fig.  18  shows  a  form  of  center  which  is 
often  found  in  the  ends  of  lathe  arbors,  the  mouth  of  the  center  being 
rounded,  at  r,  and  the  arbor  end  recessed  as  shown.  The  rounded 
corner  prevents  the  point  of  the  lathe  center  from  catching  when  it  is 
moved  rapidly  towards  work  which  is  not  being  held  quite  centrally, 
and  the  end  is  recessed  to  protect  the  center  against  bruises.  Stock 
that  is  bent  should  alwayls  be  straightened  before  the  centers  are  drilled 
and  reamed.     If  the  work  is  centered  first  and   then   straightened. 


Flff.  au   Tool  Bim^l  should  be  oeatered  Ooacentria  In  ord«r  to  remor* 
the  Deoarboalsed  Onter  Surface 

the  bearing  on  the  lathe  eenter  would  be  as  shown  in  Fig.  20.  The 
center  will  then  wear  unevenly  with  the  result  that  the  surfaces 
last  turned  will  not  be  concentric  with  those  which  were  finished  first. 

Precaution  When  Centerinsr  Tool  Steel 
Ordinarily  centers  are  so  located  that  the  stock  runs  approximately 
true  before  being  turned,  but  when  centering  material  to  be  used  in 
making  tools,  such  as  reamers,  mills,  etc.,  which  need  to  be  hardened, 
particular  care  should  be  taken  to  have  the  rough  surface  run  fairly 
true.  This  is  not  merely  to  insure  that  the  piece  will  "true-up,"  as 
there  is  a  more  important  consideration  the  disregard  of  which  often 
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affects  the  quality  of  the  finished  tool.  As  is  well  known,  the  degree 
of  hardness  of  a  piece  of  tool  steel  that  has  been  heated  and  then 
suddenly  cooled,  depends  upon  the  amount  of  carbon  that  it  contains, 
steel  that  is  high  in  carbon  becoming  much  harder  than  that  which 
contains  less  carbon.  Furthermore  the  amount  of  carbon  found  at 
the  surface,  and  to  some  little  depth  below  the  surface  of  a  bar  of 
steel,  is  less  than  the  carbon  contained  in  the  rest  of  the  bar.  This 
is  illustrated  diagrammatically  in  Fig.  21  by  the  shaded  area  in  the 
view  to  the  left.  (This  decarbonization  is  probably  due  to  thfe  action 
of  the  oxygen  of  the  air  on  tne  bar  during  the  process  of  manufacture.) 
If  stock  for  a  reamer  is  so  centered  that  the  tool  removes  the  de- 
carbonized surface  only  on  one  side,  as  illustrated  to  the  right,  evi- 
dently when  the  reamer  is  finished  and  hardened,  the  teeth  on  the 
side  A  will  be  harder  than  those  on  the  opposite  side,  which  would 
not  have  been  the  case  if  the  rough  bar  had  been  centered  true.    To 
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avoid  any  trouble  of  this  kind,  stock  that  is  to  be  used  for  hardened 
tools,  should  be  enough  larger  than  the  finished  diameter  and  so 
centered  that  this  decarbonized  surface  will  be  entirely  removed  in 
turning. 

FacinfiT  the  Bnde  of  Centered  Stock 

As  a  piece  of  work  is  not  properly  centered  until  the  ends  are  faced 
square,  we  will  consider  this  operation  in  connection  with  centering. 
Some  machinists  prefer  lathe  centers  that  are  cut  away  as  shown  at  A, 
Fig.  22,  so  that  the  point  of  the  side  tool  can  be  fed  in  far  enough 
to  face  the  end  right  up  to  the  center  hole.  Others,  instead  of  using  a 
special  center,  simply  loosen  the  regular  one  slightly  and  then,  with 
the  tool  in  a  position  as  at  B,  face  the  projecting  teat  by  feeding 
both  tool  and  center  inward  as  shown  by  the  arrow.  Whenever  this 
method  is  employed,  care  should  be  taken  to  remove  any  chips  from 
the  center  hole  which  may  have  entered.  A  method  which  makes  it 
unnecessary  to  loosen  the  regular  center,  or  to  use  a  special  one,  is  to 
provide  clearance  for  the  tool-point  by  grinding  it  to  an  angle  of 
approximately  forty-five  degrees,  as  shown  at  C.  If  the  tool  is  not 
set  too  high.  It  can  then  be  fed  right  up  to  the  lathe  center  and  the 
end  squared  without  difficulty.  As  for  the  special  center  A,  the  use 
of  special  tools  and  appliances  should  always  be  avoided  unless  they 
effect  a  saving  in  time  or  their  use  makes  it  possible  to  accomplish 
the  same  end  with  less  work. 
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When  it  is  necessary  to  turn  the  outside  of  a  part  having  a  hole 
through  it,  centers  cannot,  of  course;,  be  drilled  in  the  ends  and 
other  means  must  be  resorted  to.  We  shall  assume  that  the  bushing  B, 
Fig.  24,  has  a  finished  hole  through  the  center,  and  it  is  desired  to 
turn  the  outside  cylindrical  and  concentric  with  the  hole.  This  could 
be  done  by  forcing  a  tightly-fitted  mandrel  M,  having  accurately- 
centered  ends,  into  the  bushing,  and  inserting  the  mandrel  and  work 
between  the  lathe  centers  h  and  /»,  as  shown.  Evidently,  if  the  mandrel 
runs  true  on  its  centers,  the  hole  in  the  bushing  will  also  run  true 
and  the  outside  can  be  turned  the  same  as  though  the  mandrel  and 
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bushing  were  a  solid  piece.  From  this  it  will  be  seen  that  a  mandrel 
simply  forms  a  temporary  support  for  work  that  is  bored  and  there- 
fore cannot  be  centered. 

Another  example  of  work  that  would  be  turned  on  an  arbor  is  shown 
In  Fig.  25.  This  is  a  small  cast-iron  wheel  having  a  finished  hole 
through  the  hub,  and  the  outer  surface  and  sides  of  the  rim  are  to 
be  turned  true  with  this  hole.  In  this  case,  the  work  would  also  be 
held  by  pressing  a  mandrel  through  the  hub  as  shown.  This  method, 
however,  would  only  apply  to  comparatively  small  wheels  because  it 
would  be  diflScult,  if  not  impossible,  to  prevent  a  large  wheel  from 
turning  on  the  arbor  when  taking  a  cut,  and  even  if  it  could  be  driven, 
large  work  could  be  done  to  better  advantage  on  another  type  of 
machine.     (The  vertical  boring  mill  Is  used  extensively  for  turning 
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large  wheels).  When  turning  the  outside  of  the  rim,  a  tool  similar 
to  that  shown  at  t  should  be  used,  but  for  facing  or  turning  the  sides, 
it  might  be  better,  if  not  necessary,  to  use  tools  having  bent  ends 
as  shown  by  the  dotted  lines;  in  fact,  turning  tools  of  various  kinds 
are  made  with  the   ends  bent   to   the   right  or  left,  as  this  enables 
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them   to   be   used   on  surfaces   that   could   not   be  reached   very   well 
with  a  straight  tool. 

If  a  comparatively  large  pulley  is  mounted  near   the  end  of  the 
mandrel,  it  can  be  driven  directly  by  pins  attached  to  the  faceplate  and 
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engaging  the  pulley  arms.     When   this  method   is  employed,  a  dog 
is,    of   course,    unnecessary. 

Different  Types  of  Lathe  Mandrels 

Three  different  types  of  lathe  mandrels  are  shown  in  Fig.  23.    The 

kind  shown  at  A  is  usually  made  of  tool  steel  and  the  body  is  finished 

to  a  standard  size.     The  ends  are  somewhat  reduced  and  fiat  spots 

are  milled,  as  shown,  to  give  the  clamping  screw  of  the  dog  a  good 
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grip.  This  type  is  used  very  extensively,  but  in  shops  where  a  great 
variety  of  work  is  being  done  and  there  are  many  odd-sized  holes, 
the  expanding  mandrel  B  can  be  used  to  advantage.  This  type,  instead 
of  being  solid,  consists  of  a  tapering  inner  mandrel  M  on  which  is 
placed  a  split  bushing  that  can  be  expanded,  within  certain  limits, 
by  driving  in  the  tapering  member.  The  advantage  of  this  type  is 
that  a  compartively  small  stock  of  mandrels  is  required,  as  different 

sized  bushings  can  be 
used.  This  type  can 
also  be  fitted  to  holes 
of  odd  sizes,  whereas  a 
solid  mandrel  must  be 
provided  for  each  dif- 
ferent size  of  hole.  The 
latter  are,  however, 
more  accurate  than  the 
expanding  type.  An- 
other form  of  expand- 
ing mandrel  is  shown 
at  C.  This  type  has  a 
straight  body  :n  in 
which  four  tapering 
grooves  are  cut  length- 
wise, as  shown,  and 
there  is  a  sleeve  S,  con- 
taining four  slots  that 
are  located  to  corres- 
pond with  the  tapering 
grooves.  Strips  s  are 
fitted  in  these  slots, 
and  as  the  part  ^  is 
driven  In,  the  strips 
are  moved  outward  as 
they  ascend  the  taper- 
ing grooves.  By  having 
different  sets  of  these 
strips  of  various 
heights,  one  mandrel  of  this  type  can  be  made  to  cover  quite  a  range 
of  sizes.  It  is  not  suited,  however,  to  thin  work,  as  the  pressure,  being 
concentrated  in  four  places,  would  spring  it  out  of  shape. 

Particular  care  should  be  taken  to  preserve  the  accuracy  of  the 
centers  of  lathe  mandrels  by  keeping  them  clean  and  well-oiled  while 
in  use. 

Mandrel  or  Arbor  Press 

The  best  method  of  inserting  a  mandrel  In  a  hole  is  by  using  a 
press,  Fig.  26,  designed  for  that  purpose,  but  if  such  a  press  is  not 
available  and  it  is  necessary  to  drive  the  mandrel  in,  a  "soft"  hammer, 
made  of  copper,  lead  or  other  soft  material,  should  be  used  to  protect 
the  end  of  the  mandrel.     In  either  case,  the  mandrel  should  not  be 
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forced  in  too  tightly,  for  If  it  fits  properly,  this  will  not  be  necessary 
in  order  to  hold  the  work  securely.  On  the  other  hand,  the  work 
might  easily  be  broken  by  attempting  to  force  the  mandrel  in  as 
far  and  as  tightly  as  possible.  In  using  the  arbor  press,  the  work  is 
placed  on  the  base  B  with  the  hole  in  a  vertical  position,  and  the 
arbor  (which  should  be  oiled  slightly)  is  forced  down  into  it  by  ram  i?, 
operated  by  lever  L,  Slots  are  provided  in  the  base,  as  shown,  so 
that  the  end  of  the  arbor  can  come  through  at  the  bottom  of  the 
hole.  The  lever  of  this  particular  press  is  counterweighted  so  that 
it  rises  to  a  vertical  position  when  released.  The  ram  can  then  be 
adjusted  quickly  to  any  required  height  by  the  handwheel  seen  at 
the  left 

Some  shops  are  equipped  with  power-driven  mandrel  or  arbor 
presses.  This  type  is  particularly  desirable  for  large  work,  owing  to 
the  greater  pressure  required  for  inserting  mandrels  that  are  compara- 
tively large  in  diameter.  One  well-known  type  of  power  press  is 
driven  by  a  belt,  and  the  downward  pressure  of  the  ram  is  controlled 
by  a  handwheeL  The  ram  is  raised  or  lowered  by  turning  this  hand- 
wheel  in  one  direction  or  the  other,  and  a  gage  shows  how  much  pres- 
sure is  being  applied.  This  type  of  press  can  also  be  used  for  other 
purposes,  such  as  forcing  bushings  or  pins  into  or  out  of  holes,  bend- 
ing or  straightening  parts,  or  for  similar  work. 
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CHUCK  AND  FACEPLATE  WORK 

Many  parts  that  are  turned  in  the  lathe  are  so  shaped  that  they 
cannot  be  held  between  the  lathe  centers  like  shafts  and  other  similar 
pieces  and  it  is  often  necessary  to  hold  them  in  a  chuck  A.  Fig.  27, 
which  is  screwed  on  the  lathe  spindle  instead  of  the  faceplate.  The 
work  is  gripped  by  the  jaws  J  which  can  be  moved  in  or  out  to  ac- 
commodate various  diameters.  There  are  three  classes  of  chucks 
ordinarily  used  on  the  lathe,  known  as  the  independent,  universal,  and 
combination  types.  The  independent  chuck  is  so  named  because  each 
Jaw  can  be  adjusted  in  or  out  independently  of  the  others  by  turning 
the  jaw  screws  8  with  a  wrench.  The  jaws  of  the  universal  chuck 
all  move  together  and  keep  the  same  distance  from  the  center,  and 


Fiff.  27.    Chuck  axul  Faceplate  Jaw 

they  can  be  adjusted  by  turning  any  one  of  the  screws  8,  whereas 
with  the  independent  type  the  chuck  wrench  must  be  applied  to  each 
jaw  screw.  The  combination  chuck,  as  the  name  implies,  may  be 
changed  to  operate  either  as  an  independent  or  universal  type.  The 
advantage  of  the  universal  chuck  is  that  round  and  other  parts  of 
a  uniform  shape  are  located  in  a  central  position  for  turning  without 
any  adjustment.  The  independent  type  is,  however,  preferable  in 
some  respects  as  it  is  usually  stronger  and  adapted  for  holding  odd> 
shaped  pieces  because  each  jaw  can  be  set  to  any  required  position. 

Radial  Facinsr  or  Tuminsr 
As  an  example  of  chuck  work,  we  shall  assume  that  the  sides  of 
disk  D,  Fig.  28,  are  to  be  turned  flat  and  parallel  with  each  other 
and   that  an   independent  chuck  is  to  be  used.     First  the   chuck   is 
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screwed  on  the  lathe  spindle  (after  removing  the  faceplate),  by  holding 
It  with  the  right  hand  and  turning  the  lathe  spindle  with  the  left 
by  pulling  down  on  the  belt.  The  chuck  Jaws  are  then  moved  out  or 
in,  as  the  case  may"  be,  far  enough  to  receive  the  disk  and  each 
Jaw  is  set  about  the  same  distance  from  the  center  by  the  aid  of 
concentric  circles  on  the  face  of  the  chrck.  The  jaws  are  then  tight- 
ened while  the  disk  is  held  back  against  them  to  bring  the  rough 
inner  surface  in  a  vertical  plane.  If  the  work  is  quite  heavy,  it  can 
be  held  against  the  chuck,  before  the  Jaws  are  tightened,  by  inserting 
a  piece  of  wood  between  it  and  the  tailstock  center;  the  latter  is  then 
run  out  far  enough  to  force  the  work  back.  The  outside  or  periphery 
of  the  disk  should  run  nearly  true  and  it  may  be  necessary  to  move 
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the  jaws  in  on  one  side  and  out  on  the  other  to  bring  the  disk  to  a 
central  position.  To  test  its  location,  the  lathe  is  run  at  a  moderate 
speed  and  a  piece  of  chalk  is  held  near  the  outer  surface.  If  the 
latter  runs  out,  the  "high"  side  will  be  marked  by  the  chalk,  and 
this  mark  can  be  used  as  a  guide  in  adjusting  the  jaws.  It  should 
be  remembered  that  the  jaws  are  moved  only  one-half  the  amount 
that  the  work  runs  out. 

A  round-nosed  tool  t  of  the  shape  shown  is  used  for  radial  facing 
or  turning  operations  of  the  kind  illustrated.  This  tool  is  similar  to 
the  kind  used  when  turning  between  centers,  the  principal  difference 
being  in  the  direction  of  the  top  slope.  The  radial  facing  tool  should 
be  ground  to  slope  downward  toward  a  (see  Fig.  29)  whereas  the 
regular  turning  tool  slopes  toward  2>,  the  inclination  in  each  case 
being  away  from  that  part  of  the  cutting  edge  which  does  the  work. 
The  cutting  edge  should  be  the  same  height  as  the  lathe  centers,  and 
the  cut  is  taken  by  feeding  the  tool  from  the  outside  in  to  the  Center. 
The  cut  is  started  by  hand  and  then  the  power  feed  is  engaged,  except 
for  small  surfaces.  The  first  cut  should,  if  possible,  be  deep  enough 
to  get  beneath  the  scale,  especially  if  turning  cast  iron,  as  a  tool 
which  just  grazes  the  hard  outer  surface  in  spots  will  be  dulled  in  a 
comparatively  short  time.     3f  it  were  simply  necessary  to   turn  a 


Digitized  by  CjOOQ iC 


,Vo.  91— OPERATION  OF  MACHINE  TOOLS 


true  flat  surface  and  the  thickness  of  the  disk  were  immaterial,  two 
cuts  would  be  sufficient,  unless  the  surface  were  very  uneven,  the 
first  or  roughing  cut  being  followed  by  a  light  finishing  cut.  For  a 
finishing  cut,  the  same  tool  could  be  used  but  if  there  were  a  number 
of  disks  to  be  faced*  a  square-nosed  tool  F,  Fig.  29,  could  probably  be 
used  to  better  advantage.  This  tsrpe  has  a  broad  flat  cutting  edge 
that  is  s^t  parallel  with  the  rough-turned  surface  and  this  broad  edge 
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enables  a  coarse  feed  to  be  taken,  thus  reducing  the  time  required 
for  the  finishing  cut.  If  a  coarse  feed  were  taken  with  the  roimd  tool, 
the  turned  surface  would  have  spiral  grooves  in  it,  whereas  with  the 
broad  cutting  edge,  a  smooth  surface  is  obtained  even  though  the  feed 
is  coarse.  The  amount  of  feed  per  revolution  of  the  work,  however, 
should  always  be  less  than  the  width  w  of  the  cutting  edge.  Very 
often  broad  tools  cannot  be  used  for  finishing  cuts,  especially  when 
turning  steel,  because  their  greater  contact  causes  chattering  and 
results  in  a  rough  surface.  An  old  and  worn  lathe  is  more  liable  to 
chatter  than  one  that  is  heavy  and  well-built,  and  as  the  diameter  of 
the  work  also  makes  a  difference,  a  broad  tool  cannot  always  be  used 
for  finishing,  even  though,  theoretically,  it  would  be  preferable.    After 
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one  side  of  the  disk  is  finished,  it  is  reversed  in  the  chuck,  the  finished 
surface  being  placed  against  the  Jaws.  The  remaining  rough  side  is 
then  turned,  care  being  taken  when  starting  the  first  cut  to  caliper  the 
width  of  the  disk  at  several  points  to  make  sure  that  the  two  sides 
are  parallel. 

Bxample  of  Boring— Tool  Used 

Another  example  of  chuck  work  is  shown  at  B,  Fig.  28.     In  this 
case  a  cast-iron  pulley  is  to  have  a  true  hole  h  bored  through  the 
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hub.  (The  finishing  of  internal  cylindrical  surfaces  in  a  lathe  is  re- 
ferred to  as  boring  rather  than  tTirning).  The  casting  should  be  set 
true  by  the  rim  instead  of  by  the  rough-cored  hole  in  the  hub;  this  can 
be  done  by  the  use  of  chalk  as  previously  exi^ained.  Even  though  a 
universal  type  of  chuck  were  used,  the  jaws  of  which,  as  will  be  re- 
called, are  self-centering,  it  might  be  necessary  to  turn  the  pulley 
relative  to  the'  chuck  as  a  casting  sometimos  runs  out  because   of 


rough  spots  or  lumps  which  happen  to  come  beneath  one  or  more  of 
the  jaws.  The  shape  of  tool  t  for  Doring  is  quite  different  from  one* 
used  for  outside  turning,  as  shown  by  Fig.  30.  The  cutting  end  i* 
forged  approximately  at  right  angles  to  the  body  or  shank,  and  the 
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top  surface  is  ground  to  slope  away  from  the  working  part  w  of  the 
cutting  edge,  as  with  practically  all  turning  tools.  The  front  part 
or  flank  /  is  also  ground  away  to  give  the  edge  clearance.  This  type 
of  tool  is  clamped  in  the  toolpost  with  the  body  about  parallel  with 
the  lathe  spindle,  and  ordinarily  the  cutting  edge  would  be  about  as 
high  as  the  center  of  the  hole,  or  a  little  below  if  anything.  When 
starting  a  cut,  the  tool  is  brought  up  to  the  work  by  moving  the  car- 
riage and  it  is  then  adjusted  radially  to  get  tbe  right, depth  of  cut. 
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The  poWer  feed  for  the  carriage  is  then  used,  the  tool  feeding  back 
through  the  hole  as  indicated  by  the  arrow,  Fig.  28.  In  this  case, 
as  with  all  turning  operations,  the  first  cut  should  be  deep  enough  to 
cut  beneath  the  hard  outer  scale  at  every  part  of  the  hole.  Usually  a 
rough-cored  hole  is  so  much  smaller  than  the  finished  size  that  several 
cuts  are  necessary;   in  any  case  the  last  or  finishing  out  should  be 
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very  light  to  prevent  the  tool  from  springing  away  from  the  work, 
so  that  the  hole  will  be  as  true  as  possible.  Boring  tools,  particularly 
for  small  holes,  are  not  as  rigid  as  those  used  for  outside  turning, 
as  the  tool  has  to  be  small  enough  to  enter  the  hole  and  for  this 
reason  comparatively  light  cuts  have  to  be  taken.     When  boring  a 
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small  hole,  the  largest  tool   that   will   enter  it  without   interference 
should  be  used  to  get  the  greatest  rigidity  possible. 

Measurinsr  Bored  Holes 
The  diameters  of  small  holes  that  are  being  bored  are  usually  meas- 
ured with  inside  calipers  or  standard  gages.  If  the  pulley  were  being 
bored  to  fit  over  some  shaft,  the  diameter  of  the  shaft  would  first 
be  measured  by  using  outside  calipers  as  shown  at  A,  Fig.  31,  the 
measuring  points  of  the  calipers  being  adjusted  until  they  Just  made 
contact  with  the  shaft  when  passed  over  it.  The  Inside  calipers  are 
then  set  as  at  B  to  correspond  with  the  size  of  the  shaft,  and  the 
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hole  is  bored  Just  large  enough  to  admit  the  Inside  calipers  easily. 
Very  accurate  measurements  can  be  made  with  calipers,  but  to  become 
expert  in  their  use  requires  experience.  Some  mechanics  never  become 
proficient  in  the  art  of  calipering  because  their  hands  are  ''heavy" 
and  they  lack  the  sensitiveness  and  delicacy  of  touch  that  is  necessary. 
For  large  holes,  a  gage  C  is  often  used,  the  length  /  being  adjusted 
to  the  diameter  desired.  Small  holes  are  often  bored  to  fit  hardened 
steel  plug  gages  (Fig.  32),  the  cylindrical  measuring  ends  of  which 
are  made  with  great  accuracy  to  standard  sizes.  This  type  of  gage 
is  particularly  useful  when  a  number  of  holes  have  to  be  bored  to 

the  same  size,  all  holes 
being  made  just  large 
enough  to  fit  the  gage 
without  any  perceptible 
play. 

SeUing  Work  in  the 
Chuck 

When  setting  a  part 
in  a  chuck,  care  should 
be  taken  to  so  locate  it 
that  every  surface  to  be 
turned  will  be  true 
when  machined  to  the 
finished  size.  As  a  sim- 
ple illustration,  let  us 
assume  that  the  hole 
through  the  cast-iron 
disk,  Fig.  33,  has  been 
cored  considerably  out 
of  center  as  shown.  If 
the  work  is  set  by  the 
outside  surface  &,  as  it 
would  be  ordinarily,  the 
hole  is  so  much  out  of 
center  that  it  will  not 
be  true  when  bored  to 
the  finished  size,  as  in- 
dicated by  the  dotted 
lines.  On  the  other  hand,  if  the  rough  hole  is  set  true,  the  outside  can- 
not be  finished  all  over,  without  making  the  diameter  too  small,  when 
it  is  finally  turned.  In  such  a  case,  the  casting  should  be  shifted,  as 
shown  by  the  arrow,  to  divide  the  error  between  the  two  surfaces,  both 
of  which  can  then  be  turned  as  shown  by  the  dotted  lines  in  the  view 
to  the  right.  This  principle  of  dividing  the  error  when  setting  work 
can  often  be  applied  in  connection  with  turning  and  boring.  Hence, 
after  a  casting  or  other  part  has  been  set  true  by  the  most  important 
surface,  all  other  surfaces  which  require  machining  should  then  be 
tested  to  make  sure  that  they  all  can  be  finished  to  the  proper  size. 
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DiiUinsr  and  Reamlnsr 
When  a  hole  is  to  be  bored  from  the  solid,  it  is  necessary  to  drill 
a  hole  before  a  boring  tool  can  be  used.  One  method  of  drilling  in 
the  lathe  is  to  insert  an  ordinary  twist  drill  in  a  holder  or  socket  8, 
Fig.  34,  fitted  in  the  tailstock  spindle  in  place  of  the  center.  The 
drill  is  then  fed  through  the  work  by  turning  the  handle  n  and 
feeding  the  spindle  outward  as  shown  by  the  arrow.  Before  beginning 
to  drill,  it  is  well  to  turn  a  conical  spot  or  center  for  the  drill  point 
by  using  a  special  tool,  Fig.  35,  having  a  point  like  a  fiat  drill.  This 
tool  is  clamped  in  the  toolpost  with  the  point  at  the  same  height  as 
the  lathe  centers.  It  is  then  moved  to  the  center  of  the  work  and 
a  conical  center  is  turned  as  shown  by  the  sectional  view.  If  the 
drill  were  not  given  this  true  starting  point,  it  probably  would  enter 
the  work  more  or  less  oft  center.     Drills  can  also  be  started  without 
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turning  a  center  by  bringing  the  square  end  or  butt  of  a  tool-shank 
held  in  the  toolpost,  in  contact  with  the  drill  near  the  cutting  end. 
If  the  point  starts  off  center,  thus  causing  the  drill  to  wobble,  the 
stationary  tool-shank  will  gradually  force  or  bump  it  over  to  the 
center. 

Small  holes  are  often  finished  in  the  lathe  by  drilling  and  reaming 
without  the  use  of  a  boring  tool.  The  form  of  drill  that  is  used  quite 
extensively  for  drilling  cored  holes  in  castings  is  shown  in  Fig.  36 
at  A.  This  drill  is  fiat  and  the  right  end  has  a  large  center  hole  for 
receiving  the  center  of  the  tailstock.  To  prevent  the  drill  from  turning, 
a  holder  B,  having  a  slot  s  in  its  end  through  which  the  drill  passes, 
is  clamped  in  the  toolpost,  as  at  C.  This  slot  should  be  set  central 
with  the  lathe  centers,  and  the  drill,  when  being  started,  should  be 
held  tightly  in  the  slot  by  turning  or  twisting  it  with  a  wrench  as 
indicated   in  the  end  view  at  D;  this  steadies  the  drill   and   causes 
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it  to  start  fairly  true  even  though  the  cored  hole  runs  out  considerably. 
Another  style  of  tool  for  enlarging  cored  holes  is  shown  in  Fig.  37, 
at  A.  This  is  a  rose  chucking  reamer,  having  beveled  cutting  edges  on 
the  end  and  a  cylindrical  body,  which  fits  closely  in  the, reamed  hole^ 
thus  supporting  and  guiding  the  cutting  end.  The  reamer  shown 
at  B  is  a  fluted  type  with  cutting  edges  that  extend  from  a  to  2>;  it  is 
used  for  finishing  holes  and  the  drill  or  rose  reamer  preceding  it 
shoi}ld  leave  the  hole  very  close  to  the  required  size.  These  reamers 
are  held  while  in  use  in  a  socket  inserted  in  the  tailstock  spindle,  as 
when  using  a  twist  drill. 

Holding  Work  on  Faoeplate 
Some  castings  or  forgings  are  so  shaped  that  they  cannot  be  held 
in  a  chuck  very  well,  or  perhaps  not  at  all,  and  work  of  this  kind 
is  often  held  by  clamping  it  to  the  faceplate.  An  example  of  faceplate 
work  is  shown  in  Fig.  38,  This  is  a  rectangular  cast-iron  plate 
having  a  round  boss  or  projection,  the  end  e  of  which  is  to  be  turned 
parallel  with  the  back  face  of  the  plate  which  was  previously  finished 
on  a  planer.    A  rough  cored  hole  through  the  center  of  the  boss  also 
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needs  to  be  bored  true.  The  best  way  to  perform  this  operation 
in  the  lathe  would  be  to  clamp  the  finished  surface  of  the  casting 
directly  against  the  faceplate  by  bolts  and  clamps  a,  h,  c,  and  d, 
as  shown;  the  work  would  then  be  turned  just  as  though  it  were 
held  in  a  chuck.  By  holding  the  casting  in  this  way,  face  e  will  be 
finished  parallel  with  the  back  surface  because  the  latter  is  clamped 
directly  against  the  true-running  surface  of  the  faceplate.  If  a  casting 
of  this  shape  were  small  enough  it  could  also  be  held  in  the  jaws  of 
an  independent  chuck,  but  if  the  surface  e  needs  to  be  exactly  parallel 
with  the  back  face,  it  is  better  to  clamp  the  work  to  the  faceplate. 
Most  lathes  have  two  faceplates:  One  of  small  diameter  used  princi- 
pally for  driving  work  turned  between  centers,  and  a  large  one  for 
holding  heavy  or  irregularly  shaped  pieces;  either  of  these  can  be 
screwed  on  the  spindle  and  the  large  faceplate  has  a  number  of  slots 
through  which  clamping  bolts  can  be  inserted. 

The  proper  way'  to  clamp  a  piece  to  the  faceplate  depends,  of  course, 
largely  on  its  shape  and  the  location  of  the  surface  to  be  machined, 
but  in  any  case  it  is  necessary  to  hold  it  securely  to  prevent  any 
shifting  after  a  cut  is  started.  Sometimes  castings  can  be  held  by 
inserting  bolts  through  previously  drilled  holes,  but  when  clamps  are 
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used  in  connection  with  the  bolts,  their  outer  ends  are  supported  by 
hard  wood  or  metal  blocks  which  should  be  just  high  enough  to  make 
the  clamp  bear  evenly  on  the  work.  When  deep  roughing  cuts  have 
to  be  taken,  especially  on  large  diameters,  it  is  well  to  bolt  a  piece 
to  the  faceplate  and  against  one  side  of  the  casting,  as  at  D,  to  act 
as  a  driver  and  prevent  the  work  from  shifting;  but  a  driver  would 
not  be  needed  in  this  particular  case.  Of  course  a  faceplate  driver  is 
always  placed  to  the  rear,  as  determined  by  the  direction  of  rotation, 
because  the  work  tends  to  shift  backward  when  a  cut  is  being  taken. 
If  the  surface  which  is  clamped  against  the  faceplate  is  finished  as 
in  this  case,  the  work  will  be  less  likely  to  shift  if  a  piece  of  paper 
is  placed  between  it  and  the  faceplate.  Work  mounted  on  the  faceplate 
is  generally  set  true  by  some  surface  before  turning.  As  the  hole  in 
this  casting  should  be  true  with  the  round  boss,  the  casting  is  shifted 
on  the  faceplate  until  the  rough  outer  surface  of  the  boss  runs  true; 
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the  clamps  which  were  previously  set  up  lightly  are  then  tightened. 
The  face  e  is  first  turned  by  using  a  round-nosed  tool.  This  tool  is 
then  replaced  by  a  boring  tool  and  the  hole  is  finished  to  the  required 
diameter.  If  the  hole  being  bored  is  larger  than  the  central  hole  in 
the  faceplate,  the  casting  should  be  clamped  against  parallel  pieces, 
and  not  directly  against  the  faceplate,  to  provide  clearance  for  the 
tool  when  it  reaches  the  inner  end  of  the  hole  and  prevent  cutting 
the  faceplate.  The  parallel  pieces  should  be  of  the  same  thickness 
and  be  located  near  the  clamps  to  prevent  springing  the  casting. 

Application  of  Angle-plate  to  Faceplate 

Another  example  of  faceplate  work  is  shown  in  Fig.  39.  This  is  a 
cast-iron  elbow  £?,  the  two  flanges  of  which  are  to  be  faced  true  and 
square  with  each  other.  The  shape  of  this  casting  is  such  that  it 
would  be  very  difllcult  to  clamp  it  directly  to  the  faceplate,  but  it 
is  easily  held  on  an  angle-plate  P,  which  is  bolted  to  the  faceplate. 
The  two  surfaces  of  this  angle-plate  are  square  with  each  other  so 
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that  when  one  flange  of  the  elbow  is  finished  and  bolted  against  the 
angle-plate,  the  other  will  be  faced  square.  When  setting  up  an  angle- 
plate  for  work  of  this  kind,  the  distance  from  its  work-holding  side  to 
the  center  of  the  faceplate  is  made  equal  to  the  distance  d  between 
the  center  of  one  flange  and  the  face  of  the  other,  so  that  the  flange 
to  be  faced  will  run  about  true  when  bolted  in  place^  As  the  angle- 
plate  and  work  are  almost  entirely  on  one  side  of  the  faceplate,  a 
weight  W  is  attached  to  the  opposite  side  for  counterbalancing.  Very 
often  weights  are  also  needed  to  counterbalance  offset  parts  that  are 
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bolted  directly  to  the  faceplate.  Sometimes  it  is  rather  difficult  to 
hold  heavy  pieces  against  the  vertical  surface  of  the  faceplate  while 
applying  the  clamps,  and  occasionally  the  faceplate  is  removed  and 
placed  in  a  horizontal  position  on  the  bench;  the  work  can  then 
be  located  about  right,  and  after  it  is  clamped,  the  faceplate  is  placed 
on  the  lathe  spindle  by  the  assistance  of  a  crane. 

Special  faceplate  jaws  such  as  the  one  shown  to  the  right  in  Pig.  27, 
can  often  be  used  to  advantage  for  holding  work  on  large  faceplates. 
Three  or  four  of  these  jaws  are  bolted  to  the  faceplate  which  is  con- 
verted into  a  kind  of  independent  chuck.  These  faceplate  jaws  are 
especially  useful  for  holding  irregularly  shaped  parts  as  the  different 
jaws  can  be  located  in  any  position. 
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LATHE  TURNING  TOOLS 

Notwithstanding  the  fact  that  a  great  variety  of  work  can  be  done 
In  the  lathe,  the  number  of  turning  tools  required  is  comparatively 
small.  Fig.  41  shows  Ihe  forms  of  tools  that  are  used  principally, 
and  typical  examples  of  the  application  of  these  various  tools  are 
indicated  in  Fig.  42.  The  reference  letters  used  in  these  two  illustra- 
tions correspond  for  tools  of  the  same  type,  and  both  views  should  be 
referred  to  in  connection  with  the  following  description. 

The  tool  shown  at  A  is  the  form  generally  used  for  rough  turning, 
that  is  for  taking  deep  cuts  when  considerable  metal  has  to  be  removed. 
At  B  a  tool  of  the  same  type  is  shown,  having  a  bent  end  which  enables 
it  to  be  used  close  up  to  a  shoulder  or  surface  s  that  might  come  in 
contact  with  the  tool-rest  if  the  straight  form  were  employed.  Tool  C. 
which  has  a  straight  cutting  end,  is  used  on  certain  classes  of  work 
for  taking  light  finishing  cuts,  with  a  coarse  feed.  As  explained  in 
Chapter  V.  this  type  of  tool  will  leave  a  smooth  finish  even  though 
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the  feed  is  coarse,  provided  the  flat  cutting  edge  is  set  parallel  with 
the  tool's  travel  so  as  to  avoid  ridges.  Broad-nosed  tools  and  wide 
feeds  are  better  adapted  for  finishing  cast  iron  than  steel.  When 
turning  steel,  if  the  work  is  at  all  fiexible,  a  broad  tool  tends  to  gouge 
into  it  and  for  this  reason  round-nosed  tools  and  finer  feeds  are  gen- 
erally necessary.  A  little  experience  in  turning  will  teach  more  on 
this  point  than  a  whole  chapter  on  the  subject. 

The  side  tools  shown  at  D  and  E  are  for  facing  the  ends  of  shafts, 
collars,  etc.  The  first  tool  is  known  as  a  right-side  tool  because  it 
operates  on  the  right  end  or  side  of  a  shaft  or  collar,  whereas  the 
left-side  tool  E  is  used  on  the  opposite  side,  as  shown  in  Fig.  42.  Side 
tools  are  also  bent  to  the  right  or  left  because  the  cutting  edge  of  a 
straight  tool  cannot  always  be  located  properly  for  facing  certain 
surfaces.  A  bent  right-side  tool  is  shown  at  F.  A  form  of  tool  that 
is  frequently  used  is  shown  at  O;  this  is  known  as  a  parting  tool  and 
is  used  for  severing  pieces  and  for  cutting  grooves,  squaring  cor- 
ners, etc.  The  same  type  of  tool  having  a  bent  end  is  shown  at  H  (Fig. 
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42)  severing  a  piece  held  In  the  chuck.  Work  that  Is  held  between  cen- 
ters should  not  be  entirely  severed  with  a  parting  tool  unless  a  steady- 
rest  is  placed  between  the  tool  and  faceplate,  as  otherwise  the  tool  may 
be  broken  by  the  springing  of  the  work  just  before  the  piece  is  cut 
in  two.     It  should  be  noted  that  the  sides  of  this  tool  slope  inward 
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back  of  the  cutting  edge  to  provide  clearance  when  cutting  in  a  narrow 
groove. 

At  i  a  thread  tool  is  shown  for  cutting  a  U.  S.  standard  thread. 
This   thread   is   the   form   most   commonly   used    in   this   country   at 
the  present  time.    A  tool  for  cutting  a  square  thread  is  shown  at  J, 
This  is  shaped  very  much  like  a  parting  tool  except  that  the  cutting 
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end  is  inclined  slightly  to  correspond  witli  the  helix  angle  of  the 
thread,  as  explained  in  Chapter  IV,  of  Machinery's  Reference  Book, 
No.  92,  which  contains  descriptions  of  different  thread  forms  and 
methods  of  cutting  them.    Internal  thread  tools  are  shown  at  K  and  L 
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for  cutting  U.  S.  standard  and  square  threads  in  holes.  It  will  be 
seen  that  these  tools  are  somewhat  like  boring  tools  excepting  the 
ends  which  are  shaped  to  correspond  with  the  thread  which  they  are 
intended  to  cut. 

A  tool  for  turning  brass  is  shown  at  M.  Brass  tools  intended  for 
general  work  are  drawn  out  quite  thin  and  they  are  given  a  narrow 
rounded  point  The  top  of  the  brass  tool  is  usually  ground  flat  or 
without  slope  as  otherwise  it  tends  to  gouge  into  the  work,  especially 
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if  the  latter  is  at  all  flexible.  The  end  of  a  brass  tool  is  sometimes 
ground  flat  for  turning  large  rigid  work,  such  as  brass  pump  linings, 
etc.,  so  that  a  coarse  feed  can  be  used  without  leaving  a  rough  surface. 
The  tools  at  X  and  O  are  for  boring  or  finishing  drilled  or  cored  holes. 
T^A'o  sizes  are  shown,  which  are  intended  for  small  and  large  holes, 
respectively. 

The  different  tools  referred  to  in  the  foregoing  might  be  called  the 
standard  types  because  they  are  the  ones  generally  used,  and  as  Fig. 
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42  indicates,  they  make  it  possible  to  turn  an  almost  endless  variety 
of  forms.  Occasionally  some  special  form  of  tool  is  needed  for  doing 
odd  jobs,  having,  perhaps,  an  end  bent  differently  or  a  cutting  edge 
shaped  to  some  particular  form.  Tools  of  the  latter  type,  which  are 
known  as  "form  tools,'*  are  sometimes  used  for  finishing  surfaces  that 
are  either  convex,  concave,  or  irregular  in  shape.  The  cutting  edges 
01  these  tools  are  carefully  filed  or  ground  to  the  required  shape,  and 
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th«  form  given  the  tool  is  reproduced  in  the  part  turned.  Ornamental 
or  other  irregular  surfaces  can  be  finished  very  neatly  by  tho  use  of 
such  tools.  It  is  very  difl^ult,  of  course,  to  turn  convex  or  concave 
surfaces  with  a  regular  tool;  in  fact,  it  would  not  be  possible  to  form 
a  true  spherical  surface,  for  instance,  without  special  equipmcmt, 
because  the  tool  could  not  be  moved  along  a  true  curve  by  simply  using 
the  longitudinal  and  cross  f^ds.    Form  tools  should  be  sharpened  by 
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grinding  entirely  on  the  top  surface,  as  any  grinding  on  the  end  or 
flank  would  alter  the  shape  of  the  tool. 

Tool-holder8  with  Inserted  Cutters 

All  of  the  tools  shown  in  Fig.  41  are  forged  from  the  bar,  and  when 
the  cutting  ends  have  been  ground  down  considerably  It  is  necessary 
to  forge  a  new  end.  To  eliminate  the  expense  of  this  continual  dressing 
of  tools  and  also  to  effect  a  great  reduction  in  the  amount  of  tool 
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tool-holders   having   small   inserted   cutters   are 


used 


steel    required. 
In  many  shops. 

A  tool-holder  of  this  type  for  outside  turning  is  shown  in  Fig.  40. 
The  cutter  C  is  held  in  a  fixed  position  by  the  set-screw  shown,  and  it 
is  sharpened,  principally,  by  grinding  the  end,  except  when  it  is  desired 
to  give  the  top  of  the  cutter  a  different  slope  from  that  due  to  its 
angular  position.  Another  inserted-cutter  turning  tool  Is  shown  in 
Fig.  43,  which  is  a  heavy  type  intended  for  roughing.     The  cutter  in 
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this  case,  has  teeth  on  the  rear  side  engaging  with  corresponding 
teeth  cut  in  the  clamping  block  which  is  tightened  by  a  set-screw 
on  the  side  opposite  that  shown.  With  this  arrangement,  the  cutter 
can  be  adjusted  upward  as  the  top  iff  ground  away. 

A  parting  tool  of  the  inserted  blade  type  is  shown  in  Fig.  44.  The 
blade  B  is  clamped  by  screw  8  and  also  by  the  spring  of  the  holder 
when  the  latter  is  clamped  in  the  tool-post.  The  blade  can,  of  course, 
be  .moved  outward  when  necessary.  Fig.  45  shows  a  boring  tool  con- 
sisting of  a  holder  H,  a  bar  B  that  can  be  clamped  in  any  position* 
and  an  inserted  cutter  c.  With  this  type  of  boring  tool,  the  bar  can 
be  extended  beyond  the  holder  just  far  enough  to  reach  through  the 
hole  to  be  bored,  which  makes  the  tool  very  rigid.  A  thread  tool  of 
the  holder  type  is  shown  in  Fig.  46.  The  angular  edge  of  the  cutter  C 
is  accurately  ground  by  the  manufacturers,  so  that  the  tool  is 
sharpened  by  simply  grinding  it  flat  on  the  top.  As  the  top  is  ground 
away,  the  cutter  is  raised  by  turning  screw  8  which  can  also  be  used 
for  setting  the  tool  to  the  proper  height. 
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Occasionally  long  slender  shafts,  rods,  etc.,  which  have  to  be  tamed, 
are  so  flexible  that  it  is  necessary  to  support  them  at  some  point 
between  the  lathe  centers.  An  attachment  for  the  lathe  known  as  a 
steadyrest  is  often  used  for  this  purpose.  A  steadyrest  is  composed 
of  a  frame  containing  three  Jaws  J  (Fig.  47),  that  can  be  adjusted 
in  or  out  radially  by  turning  screws  B.  The  frame  is  hinged  at  h,  thus 
allowing  the  upper  half  to  be  swung  back  (as  shown  by  the  dotted 
lines)  for  inserting  or  removing  the  work.  The  bolt-clamp  c  holds 
the  hinged  part  in  the  closed  position.     The  base  of  the  frame  has 
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V-grooves  in  it  that  fit  the  ways  of  the  lathe  bed.  When  the  steady- 
rest is  in  use,  it  is  secured  to  the  bed  by  clamp  C,  and  the  Jaws  / 
are  set  in  against  the  work,  thus  supporting  or  steadying  it  during  the 
turning  operation.  The  steadyrest  must,  of  course,  be  located  at  a 
point  where  it  will  not  interfere  with  the  turning  tool. 

Supporting  Flexible  Work  with  a  Steadyrest 
Fig.  48  shows  the  application  of  the  steadyrest  to  a  long  forged 
rod,  having  one  small  end.  which  makes  it  too  flexible  to  be  turned 
without  support.  As  this  forging  is  rough,  a  true  surface  n  a  little 
wider  than  the  jaws  J  (Fig.  47)  is  first  turned  as  a  bearing  for  the 
jaws.  This  should  be  done  very  carefully  to  prevent  the  work  from 
mounting  the  tool.  A  sharp  pointed  tool  should  be  used  and  very 
light  cuts  taken.  The  steadyrest  is  next  clamped  to  the  lathe  bed 
opposite  the  turned  surface,  and  the  Jaws  are  adjusted  in  against  the 
work,  thus  forming  a  kind  of  bearing.     Care  should  be  taken  not  to 


Digitized  by  VjOOQ iC 


STEADY  AND  FOLLOW-RESTS 


41 


set  up  the  jaws  too  tight  as  the  work  should  turn  freely  but  without 
play.  The  large  part  of  the  rod  and  central  collar  are  then  turned  to 
size,  this  half  being  machined  while  the  small  part  is  in  the  rough 
and  as  stiff  as  possible.  The  rod  is  then  reversed  and  the  steady- 
rest  is  applied  to  the  part  just  finished,  as  shown  at  B,  thus  supporting 
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the  work  while  the  small  end  is  being  turned.  That  part  against 
which  -the  jaws  bear  should  be  kept  well  oiled  and  if  the  surface  ia 
finished,  it  should  be  protected  by*  placing  a  strip  of  emery  cloth 
beneath  the  jaws  with  the  emery  side  out;  a  strip  of  belt  leather  is 
also  used  for  this  purpose,  the  object  in  each  case  being  to  prevent 

the  jaws  from  scratching  and  marring  the 
finished  surface,  as  they  tend  to  do,  es- 
pecially if  at  all  rough. 

If  the  work  were  too  flexible  to  per- 
mit turning  a  spot  at  n,  this  could  be 
done  by  first  "spotting"  it  at  some  point 
o,  and  placing  the  steady-rest  at  that  point 
while  turning  another  spot  at  n.  The 
tool  shown  in  Fig.  49  is  a  good  form  to 
use  for  work  of  this  kind  because  of  its 
narrow  point.  This  is  known  as  a  "dia- 
mond poin't,"  and  is  frequently  used  for 
light  turning.  The  shape  of  this  tool  is 
Fi«.  49.  DiamoBd-poiBt  clearly  shown   in   the  illustration.      The 

TornincTooi  V-shaped  cuttiug  edge  is  usually  rounded 

slightly  at  the  point,  and  the  top  slopes  backward  from  the  cutting 
edge,  as  shown. 

Sometimes  it  is  desirable  to  apply  a  steady-rest  to  a  surface  that 
does  not  run  true  and  one  which  is  not  to  be  turned;  in  such  a  case 
a  device  called  a  "cat-head"  is  used.  This  is  simply  a  sleeve  8  (Pig.  51) 
which  is  placed  over  the  untrue  surface  to  serve  as  a  bearing  for 
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tte  steadyrest.  The  sleeve  is  made  to  run  true  by  adjusting  the  four 
setHBcrews  at  each  end,  and  the  Jaws  of  the  steadyrest  are  set  against 
it,  thus  supporting  the  work. 

Applloation  of  SteadyroBt  when  Boring— Use  of  *'BridleB" 
or  '*Hold-backB" 

Another  example  illustrating  the  use  of  the  steadyrest  is  shown  in 
Fig.  50.  The  rod  R  is  turned  on  the  outside  and  a  hole  is  to  be 
bored  in  the  end  (as  shown  by  dotted  lines)  true  with  the  outer 
surface.  If  the  centers  used  for  turning  the  rod  are  still  in  the  ends, 
as  they  would  be  ordinarily,  this  work  could  be  done  very  accurately 
by  the  following  method:  The  rod  is  first  placed  between  the  centers 
as  for  turning,  with  a  driving  dog  D  attached,  and  the  steady-rest 
Jaws  J  are  set  against  It  near  the  outer  end,  as  shown. 

Before  any  machine  work  is  done,  means  must  be  provided  for  holding 


Flc*  00.    Bhafk  snpportsd  by  StMkdyrost  tor  DiflUBf  and  ] 

the  rod  back  against  the  headstock  center  7i,  because,  for  an  operation 
of  this  kind,  the  outer  end  cannot  be  supported  by  the  tailstock  center; 
consequently  the  work  tends  to  shift  to  the  right.  One  method  of 
accomplishing  this  is  shown  in  the  illustration.  A  hard-wood  piece  w, 
having  a  hole  somewhat  larger  than  the  work«  is  clamped  against  the 
dog,  in  a  crosswise  position,  by  the  swinging  bolts  and  thumb- 
screws shown.  If  the  dog  is  not  square  with  the  work,  the  wood  piece 
should  be  canted  so  that  the  bearing  will  not  be  all  on  one  side.  For 
large  heavy  parts  a  similar  "bridle"  or  "hold-back" — as  this  is  com- 
monly called — is  made  by  using  steel  instead  of  wood  for  the  part  t^. 
Another  very  common  method  which  requires  no  special  equipment  is 
illustrated  in  Fig.  52.  Ordinary  leather  belt  lacing  L  is  attached  to 
the  work  and  faceplate  while  the  latter  is  screwed  off  a  few  turns  as 
shown.  Then  the  lacing  is  drawn  up  by  hand  and  tied,  and  the  faceplate 
is  screwed  on  the  spindle,  thus  tightening  the  laeing  and  drawing  the 
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work  against  the  headstock  center.  The  method  of  applying  the  lacing 
is  quite  clearly  indicated  in  the  illustration.  If  a  sipall  driving 
faceplate  is  used.  It  may  be  necessary  to  drill  holes  for  the  belt  lacing, 
as  shown. 

A  hole  is  next  drilled  in  the  end  of  the  rod  by  using  a  twist  drill 
and  the  tailstock,  as  explained  in  connection  with  Fig.  34,  Chapter  V. 
If  the  hole  is  finished  by  boring,  a  depth  mark  should  be  made  on  the 


Fl«.  61.    0»t-beAd  wliloh  la  soinetlmes  us«d  mm  Bearing  fbr  8t«»dyr»at 

tool  shank  that  will  warn  the  workman  of  the  cutting  end's  approach 
to  the  bottom.  A  chuck  can  also  be  used  in  connection  with  a  steady- 
rest  for  doing  work  of  this  kind  as  shown  in  Fig.  53,  the  end  of  the 
rod  being  held  and  driven  by  the  chuck  C.  If  the  work  is  centered,  it 
can  be  held  on  these  centers  while  setting  the  steadyrest  and  adjusting 
the  chuck,  but  if  the  ends  are  without  centers,  a  very  good  way  is  to 
make  light  centers  in  the  ends  with  a  punch;  after  these  are  properly 


Fig.  62.    Hold-back  uaed  when  0«t«r  Bad  of  Work  la  held  In  Bteadyraat 

located  they  are  used  for  holding  the  work  until  the  steadyrest  and 
chuck  jaws  have  been  adjusted.  In  case  it  is  necessary  to  have  the 
end  hole  .very  accurate  with  the  outside  of  the  finished  rod,  a  test 
Indicator  /  should  be  applied  to  the  shaft  as  shown.  This  is  an  instru- 
ment which  shows  with  great  accuracy  whether  a  rotating  part  runs 
true  and  it  is  also  used  for  many  other  purposes  in  machine  shops. 
The   indicator   is   held   in   the   lathe   toolpost   and   the   contact   point 
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beneath  the  dial  is  brought  against  the  work.  If  the  latter  does  not 
run  true,  the  hand  of  the  indicator  vibrates  and  the  graduations 
on  the  dial  show  how  much  the  work  is  out  in  thousandths  of  an 
inch. 

The  Follow-reBt 

For  certain  classes  of  long  slender  work,  such  as  shafts,  etc.,  a 
follow-rest  is  often  used  for  supporting  the  work  while  turning.  The 
fol  low-rest  differs  from  the  steady  rest  in  that  it  is  attached  to  and 
travels  with  the  lathe  carriage.     The  type  illustrated  to  the  right  in 
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Fig.  68.    Tmmttag  Work  with  Dtal  Indlo»tor 

Pig  47  has  two  adjustable  jaws  which  are  located  nearly  opposite 
the  turning  tool,  thus  providing  support  where  it  is  most  needed.  In 
using  this  rest,  a  cut  is  started  at  the  end  and  the  jaws  are  adjusted 
to  this  turned  part  The  tool  is  then  fed  across  the  shaft,  which 
cannot  spring  away  from  the  cut  because  of  the  supporting  jaws.  Some 
follow-rests  have,  instead  of  jaws,  a  bushing  bored  to  fit  the  diameter 
being  turned,  different  bushings  being  used  for  different  diameters. 
The  bushing  forms  a  bearing  for  the  work  and  holds  it  rigidly. 
Whether  a  bushing  or  jaws  are  used,  the  tool  is  slightly  in  advance 
of  the  supporting  member. 
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HOW  TO  OUT  A  THRE^AD  IN  A  LATHE 


When  threads  are  cut  in  the  lathe  a  tool  t  is  used  (see  Fig.  55), 
having  a  point  corresponding  to  the  shape  of  the  thread,  and  the 
carriage  is  moved  along  the  bed  a  certain  distance  for  each  revolution 
of  the  work  (the  distance  depending  on  the  number  of  threads  to 
the  inch  being  cut)  by  the  lead-screw  8  which  is  rotated  by  gears 
a,  h  and  c,  which  receive  their  motion  from  the  spindle.  As  the  rate 
of  the  carriage  travel  per  revolution  of  the  work,  and»  consequently, 
the  number  of  threads  per  inch  that  is  cut,  depends  on  the  size  of 
the  gears  a  and  c  (called  change  gears)  the  latter  have  to  be  changed 
for  cutting  different  threads.  The  proper  change  gears  to  use  for 
cutting  a  given  number  of  threads  to  the  inch,  is  ordinarily  determined 


Fig.  64.    MeaaorlBg  Namb«r  of  Thrmmdm  per  Inch— 8«ttlBff  ThrMUl  Tool 

by  referring  to  a  table  or  ''index  plate*'  /  which  shows  what  the 
size  of  gears  a  and  c  should  be,  or  the  number  of  teeth  each  should 
have,  for  cutting  any  given  number  of  threads  per  inch. 

Selecting  the  Change  Qears 
Suppose  a  V-t^iread  is  to  be  cut  on  the  end  of  the  bolt  B,  having  a 
diameter  of  1^  inch  and  seven  threads  per  inch  of  length,  as  shown 
at  A  in  Fig.  64,  which  is  a  standard  number  for  that  diameter.  First 
the  change  gears  to  use  are  found  on  plate  /  which  is  shown  enlarged 
in  Fig.  56.  This  plate  has  three  columns:  The  first  contains  different 
numbers  of  threads  to  the  inch,  the  second  the  size  gear  to  place  on 
the  "spindle"  or  "stud"  at  a  for  different  threads,  and  the  third  the 
size  of  gear  c  for  the  lead-screw.  As  the  thread  selected  as  an  example 
has  seven  threads  per  inch,  gear  a  should  have  48  teeth,  this  being 
the  number  given  in  the  second  column  opposite  figure  7  in  the  first. 
By  referring  to  the  last  column,  we  find  that  the  lead-screw  gear  should 
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have  84  teeth.  These  gears  are  selected  from  an  assortment  provided 
with  the  lathe  and  they  are  placed  on  the  spindle  and  lead-screw, 
respectively.  Intermediate  gear  t  does  not  need  to  be  changed  as  it 
is  simply  an  "idler"  for  connecting  gears  a  and  c.  Gear  &  is  mounted 
on  a  swinging  yoke  Y  so  that  it  can  be  adjusted  to  mesh  properly 
with  different  gear  combinations;  after  this  adjustment  is  made,  the 
lathe  is  geared  for  cutting  seven  threads  to  the  inch.  (The  change 
gears  of  many  modern  lathes  are  so  arranged  that  different  combina- 
tions are  obtained  by  simply  shifting  a  lever.     A  lathe  having  this 

quick-change  gear  mechanism  is  de- 
scribed in  Chapter  VI  of  Machin- 
eby's  Reference  Book  No.  92.)  The 
work  B  is  then  placed  between  the 
centers  just  as  it  would  be  for  turn- 
ing, with  the  end  to  be  threaded 
turned  to  a  diameter  of  1^  inch» 
which  is  the  outside  diameter  of  the 
the  thread. 
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The  Thread  Tool 


The  form  of  tool  used  for  cutting  a 
V-thread  is  shown  at  A,  Fig.  57.  The 
end  is  ground  V-shaped  and  to  an 
angle  of  60  degrees,  which  corre- 
sponds to  the  angle  of  a  standard  V- 
thread.  The  front  or  fiank  /  of  the 
tool  is  ground  back  to  an  angle  to 
provide  clearance,  but  the  top  is  left 
flat  or  without  slope.  As  it  is  very 
important  to  grind  the  end  to  exactly 
60  degrees,  a  gage  G  is  used,  having 
60-degree  notches  to  which  the  tool- 
point  is  fitted.  The  tool  is  clamped 
in  the  toolpost  as  shown  in  the  plan 
view,  Pig.  55,  square  with  the  work, 
so  that  both  sides  of  the  thread  will 
be  cut  to  the  same  angle  with  the 
axis  of  the  work.  A  very  conve- 
nient way  to  set  a  thread  tool  square 
is  illustrated  at  B,  Pig.  54.  The 
thread  gage  is  placed  against  the  part  to  be  threaded,  as  shown,  and 
the  tool  is  adjusted  until  the  angular  sides  of  the  point  bear  evenly  in 
the  60-degree  notch  of  the  gage.  The  top  of  the  tool  point  should  also 
be  at  the  same  height  as  the  lathe  centers,  as  otherwise  the  angle  of 
the  thread  will  not  be  correct. 

Cuttinir  the  Thread 
The   lathe   is  now  ready   for   cutting   the  Uiread.   This   is  done  by 
taking  several  cuts,  as  indicated   at  A,  B,   C  and  D  in  Pig.  58,  the 
tool  being  fed  in  a  little  farther  for  each   successive  cut  until  the 
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thread  is  finished.  When  these  outs  are  being  taken,  the  carriage 
is  moved  along  the  bed  ,as  previously  explained,  by  the  lead-screw  S, 
Fig.  55.  The  carriage  Is  engaged  with  the  lead-screw  by  turning 
lever  u  which  causes  the  halves  of  a  split  nut  to  close  around  the 
screw.  The  way*  a  lathe  is  handled  when  cutting  a  thread  is  as 
follows:  After  the  lathe  is  started,  the  carriage  Is  moved  until  the 
tool-point  is  slightly  beyond  the  right  end  of  the  work,  and  the  tool 
is  fed  in  far  enough  to  take  the  first  cut.  The  carriage  is  then  engaged 
"With  the  lead-screw,  by  operating  lever  u,  and  the  tool  moves  to  the 
left  (in  this  case  1/7  inch  for  each  revolution  of  the  work)  and  cuts 


Fig.  67.    Thread  Tools  and  Oage  tor  Testtng  Angl*  of  Bnd 

a  winding  groove  as  at  A,  Fig.  58.  When  the  tool  has  moved  as  far 
as  the  thread  is  wanted,  it  is  withdrawn  by  a  quick  turn  of  handle  e, 
and  the  carriage  returned  to  the  starting  point  for  another  cut.  The 
tool  is  then  fed  in  a  little  farther  and  a  second  cut  is  taken  as  at 
By  and  this  operation  is  repeated  as  at  C  and  D  until  a  "full"  thread 
is  cut  or  until  the  top  of  the  thread  is  sharp.  The  thread  is  then 
tested  for  size,  but  before  referring  to  this  part  of  the  work,  the  way 
the  carriage  is  returned  to  the  starting  point  after  each  cut,  should 
be  explained. 

When  the  tool  is  withdrawn  at  the  end  of  the  first  cut.  if  the  carriage 
is  disengaged  from  the  lead-screw  and  returned  by  hand,  the  tool 
may  or  may  not  follow  the  first  cut  when  the  carriage  is  again 
engaged  with  the  lead-screw.  If  the  number  of  threads  to  the  inch 
being  cut  is  a  multiple  of  the  number  on  the  lead-screw  5,  then  the 
carriage  can  be  returned  by  hand  and  engaged  with  -the  lead-screw 
at  random  and  the  tool  will  follow  the  first  cut.  For  example,  if 
the  lead-screw  has  six  threads  per  inch,  and  6,  12,  18  or  any  number 
of  threads  is  being  cut  that  is  a  multiple  of  six,  the  carriage  can 
be  engaged  at  any  time  and  the  tool  will  always  follow  the  original  cut. 
This  is  not  the  case,  however,  when  the  number  of  threads  being 
cut  is  not  a  multiple  of  the  number  on  the  lead-screw.  One  method 
of  bringing  the  carriage  back  to  the  starting  point  when  cutting 
threads  which  are  not  multiples,  is  to  reverse  tbe  lathe  (by  shifting 
the  overhead  driving  belts)  in  order  to  bring  the  tool  back  to  the 
starting  point  without  •  disengaging  the  carriage;  in  this  way  the 
tool  is  kept  in  the  same  relation  to  the  work,  and  the  carriage  Is 
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not  disengaged  from  the  lead-screw  until  the  thread  is  finished.  This 
is  a  good  method  when  cutting  short  threads  having  a  length  of  say 
two  or  three  inches;  hut  when  they  are  longer,  and  especially'  when 
the  diameter  is  comparatively  large  (which  means  a  slower  speed), 
it  is  rather  slow  as  considerable  time  is  wasted  while  the  tool  is 
moving  back  to  its  starting  point.  This  is  due  to  the  fact  that  the 
carriage  is  moved  slowly  by  the  lead-screw,  but  when  disengaged,  it 
can  be  traversed  quickly  by  turning  handle  d,  Fig.  55. 

A  method  of  returning  the  carriage  by  hand  when  the  number 
of  threads  being  cut  is  not  a  multiple  of  the  number  on  the  lead- 
screw  is  as  follows:  The  tool  is  moved  a  little  beyond  the  right  end 
of  the  work  and  the  carriage  is  engaged.  The  lathe  is  then  turned  for- 
ward by  hand  to  take  up  any  lost  motion,  and  a  line  is  made  on  the 
lathe  l>ed  showing:  thf»  position  of  the  carriage.  The  positions  of  the 
spindle  and  lead-screw  are  also  marked  by  chalking  a  tooth  on  both 


Flir*  58.   Thread  la  formed  by  taklnir  »  number  of  SuooeaaiTe  Outs 

the  spindle  and  lead-screw  gears,  which  happens  to  be  opposite  a 
corner  or  other  point  on  the  bed.  After  a  cut  is  taken,  the  carriage  is 
returned  by  hand  to  the  original  starting  point  as  shown  by  the  line 
on  the  bed,  and  is  again  engaged  when  the  chalk  marks  show  that  the 
spindle  and  lead-screw  are  in  their  original  position;  the  tool  will  then 
follow  the  first  cut  If  the  body  of  the  tailstock  is  moved  against  the 
bridge  of  the  carriage  before  starting  the  first  cut,  the  carriage  can 
be  located  for  each  following  cut  by  moving  it  back  against  the  tail- 
etock,  and  it  will  not  be  necessay  to  have  a  line  on  the  bed. 
Indicator  or  Chasing  Dial  for  Catching  Threads 
On  some  lathes  there  is  an  indicator  for  "catching  threads,"  as 
this  is  called  in  shop  language.  This  is  a  simple  device  attached  to 
the  carriage  and  consists  of  a  graduated  dial  D  and  a  worm-wheel  W 
(see  Figs.  55  and  59)  which  meshes  with  tJie  lead-screw,  so  that  the  dial 
is  revolved  by  the  lead-screw  when  the  carriage  is  stationary,  and 
when  the  carriage  is  moved  by  the  screw,  the  dial  remains  stationary. 
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The  indicator  is  used  by  engaging  the  carriage  when  one  of  the  gradua- 
tion lines  is  opposite  the  arrow  mark;  after  a  cut  is  taken  the  car- 
riage is  returned  by  hand  and  when  one  of  the  graduation  lines  again 
moves  opposite  the  arrow,  the  half-nuts  are  thrown  into  mesh,  as 
before,  and  this  is  repeated  for  each  successive  cut,  thus  causing  the 
tool  to  always  come  right  with  the  thread.  If  the  number  of  threads 
per  inch  is  even,  engagement  can  be  made  when  any  line  is  opposite 
the  arrow,  but  for  odd  numbers  such  as  3,  7,  9,  11,  etc.,  one  of  the  four 

long  or  numbered  lines 
must  be  used.  Of 
course,  if  the  thread 
being  cut  is  a  multiple 
of  the  number  on  the 
lead-screw,  engagement 
can  be  made  at  any 
time. 

Having  considered 
the  use  of  the  indica- 
tor, its  principle  will  be 
explained.  The  num- 
ber of  teeth  in  worm- 
wheel  W  is  some  multi- 
ple of  the  number  of 
threads  per  inch  of  the 
lead-screw,  and  the 
number  of  teeth  in  the 
wheel,  divided  by  the 
pitch  of  the  screw, 
equals  the  number  of 
graduations  on  the  dial. 
For  example,  if  the 
lead-screw  has  six 
threads  per  inch,  the 
worm-wheel  could  have 
twenty-four  teeth,  in 
which  case  the  dial 
would  have  four  divis- 
ions, each  representing 
an  inch  of  carriage 
travel,  and  by  sub-dividing  the  dial  into  eighths  (as  shown)  each 
line  would  correspond  to  y^  inch  of  travel.  The  dial,  there- 
fore, would  enable  the  carriage  to  be  engaged  with  the  lead- 
screw  at  points  equal  to  a  travel  of  one-half  inch.  To  illustrate  the 
advantage  of  this,  suppose  ten  threads  per  inch  are  being  cut  and 
(with  the  lathe  stationary)  the  carriage  is  disengaged  and  moved  1/6 
inch  or  one  thread  on  the  lead-screw;  the  tool  point  will  also  have 
moved  1/6  inch,  but  it  will  not  be  opposite  the  next  thread  groove  in 
the  work  as  the  pitch  is  1/10  inch.  If  the  carriage  is  moved  another 
thread  on  the  lead-screw,  or  2/6  inch,  the  tool  will  still  be  out  of  line 
with  the  thread  on  the  work,  but  when  it  has  moved  three  threads,  or 
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%  inch,  the  tool  will  then  coincide  with  the  original  cut  because  it 
has  passed  over  exactly  five  threads.  This  would  be  true  for  any 
number  of  threads  per  inch  that  is  divisible  by  2.  If  the  thread  being 
cut  had  nine  threads  per  inch,  or  any  other  odd  number,  the  tool 
would  only  coincide  with  the  thread  at  points  1  inch  apart.  Therefore, 
the  carriage  can  only  be  engaged  when  one  of  the  four  graduations 
r^resenting  an  inch  of  travel  is  opposite  the  arrow,  when  cutting 
od4  threads;  whereas  even  numbers  can  be  "caught"  by  using  any 
one  of  the  eight  lines. 

This  indicator  can  also  be  used  for  "catching"  fractional  threads. 
As  an  illustration,  suppose  11%  threads  per  inch  are  being  cut,  and 
the  carriage  is  engaged  the  first  time  when  graduation  line  1  is  oppo- 
site the  arrow;  engagement  would  then  be  made  for  each  successive 
cut,  when  either  line  1  or  3  were  opposite  the  arrow,  or  in  other  words 
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at  spaces  equal  to  a  carriage  movement  of  2  inches.  As  the  use  of  the 
indicator  when  cutting  fractional  threads  is  liable  to  result  in  error, 
it  is  better  to  keep  the  half-nuts  in  engagement  and  return  the  car- 
riage by  reversing  the  lathe. 

Testing  the  Size  of  the  Thread 
When  the  thread  tool  has  been  fed  in  far  enough  to  form  a  com- 
plete thread  as  at  D,  Fig.  58,  the  thread  is  then  tested  for  size.  If 
we  assume  that  the  bolt  is  being  threaded  for  a  standard  li;  nut,  it 
would  be  removed  from  the  lathe  and  the  test  made  by  screwing  a 
nut  on  the  end.  If  the  thread  were  too  large,  the  nut  might  screw 
on  very  tightly  or  not  at  all;  in  either  case,  the  work  would  again  be 
placed  in  the  lathe  and  a  light  cut  taken  over  it  to  reduce  the 
thread  to  the  proper  size.  When  replacing  a  threaded  part  between 
the  centers,  it  should  be  put  back  in  the  original  position,  that  is,  with 
the  tail  of  the  driving  dog  in  the  same  slot  of  the  faceplate  previously 
occupied.     As  it  is  difficult  to  tell  just  when  a  thread  is  cut  to  the 
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exact  size,  special  thread  calipers  having  wedge-shaped  ends  are  some- 
times used  for  measuring  the  diameter  of  the  thread  at  the  bottom  of 
the  grooves,  or  the  root  diameter,  as  shown  at  A,  Fig.  60.  These  calipers 
can  be  set  from  a  tap  corresponding  to  the  size  of  the  thread  being 
cut,  or  from  a  previously  threaded  piece  of  the  right  size.  Another 
form  of  caliper  for  testing  threads  is  shown  at  B.  This  is  one  of  the 
micrometer  type  and  is  intended  for  very  accurate  work.  The 
fipindle   of   this  micrometer   has   a   conical   end   and   the   ''anvil*'   is 


Flff.  m.    Ontttaiff  Thr«ed  by  xuiam  Oompound  Rest 

V-shaped,  and  these  ends  bear  on  the  sides  of  the  thread  or  the  surfaces 
which  form  the  bearing  when  the  screw  is  inserted  in  a  nut  or  threaded 
hole. 

Beplaciner  Sharpened  Tool— Tool  for  BouffhinGT 

If  it  is  necessary  to  sharpen  the  thread  tool  before  the  thread  is 
finished,  it  should  be  re-set  square  with  the  work  by  testing  with  the 
thread  gage  as  at  B,  Fig.  54.  The  carriage  is  then  engaged  with  the 
lead-screw  and  the  lathe  is  turned  forward  to  bring  the  tool  opposite 
the  partly  finished  thread  and  also  to  take  up  any  backlash  or  lost 
motion  in  the  gears  or  half-nut.  If  the  tool-point  is  not  in  line  with 
the  thread  groove  previously  cut,  it  can  be  shifted  sidewise  by  feeding 
the  compound  rest  B  in  or  out,  provided  the  latter  is  set  in  an  angular 
po4Bition  as  shown  in  the  plan  view,  Fig.  55. 

If  the  thread  tool  is  ground  flat  on  the  top  as  at  A,  Fig.  57,  it  is  not 
a  good  tool  for  removing  metal  rapidly  as  neither  of  its  two  cutting 
edges  has  any  slope..     In  order  to  give  each  cutting  edge  a  backward 
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slope,  it  would  be  necessary  to  grind  the  top  surface  hollow  or  con- 
cave, which  would  be  impracticable.  When  a  coarse  thread  is  to  be 
cut,  a  tool  shaped  as  at  B  can  be  used  to  advantage  for  rough  turn- 
ing the  thread  groove^  which  is  afterward  finished  to  the  correct  depth 
and  angle  by  tool  A.  This  roughing  tool  is  ground  with  a  backward 
slope  from  the  point  and  the  latter  is  rounded  to  make  it  stronger. 

Use  of  Compoimd  Best  for  Thread  Cutting 

Another  form  of  thread  tool  is  shown  at  Ay  Fig.  61,  which  is  very 
good,  especially  for  cutting  coarse  threads.  When  this  tool  is  used, 
the  compound  rest  E  is  set  to  an  angle  of  30  degrees,  as  shown,  and  it 
is  fed  in  for  the  successive  cuts  by  handle  w  in  the  direction  indicated 
by  the  arrow.  It  will  be  seen  that  the  point  a  of  the  tool  moves  at 
an  angle  of  60  degrees  with  the  axis  of  the  work,  thus  forming  one 
side  of  the  thread,  and  the  cutting  edge  a — &,  which  can  be  set  as  shown 
at  B,  forms  the  opposite  side  and  does  all  the  cutting.  As  this  edge  is 
given  a  backward  slope,  as  shown,  it  cuts  easily  and  enables  thread- 
ing operations  to  be  performed  quickly.  Threads  cut  in  this  way  are 
often  finished  by  taking  a  light  cut  with  a  regular  thread  tool.  The 
cutting  edge  a — h  is  ground  to  an  angle  of  60  degrees  (or  slightly  less, 
if  anything)  with  the  side,  as  shown  by  the  top  view. 

All  the  threads  that  have  been  illustrated  in  connection  with  the 
foregoing  description  have  been  of  the  simple  V-form.  There  are,  how- 
ever, several  other  forms  of  threads  in  use  and  these  various  threads 
and  the  way  in  which  they  are  cut  is  explained  in  Chapter  IV  of  Ma- 
chinery's Reference  Book  No.  92. 

When  cutting  threads  in  steel  or  wrought  iron,  some  sort  of  lubricant 
is  usually  applied  to  the  tool  to  preserve  the  cutting  end  and  give  a 
smooth  finish  to  the  thread.  Sperm  or  lard  oil  is  commonly  used  for 
this  purpose.  |f  the  thread  is  small,  the  lubricant  may  be  applied 
from  an  ordinary  oil  can,  but  when  cutting  comparatively  large  threads, 
it  is  better  to  have  a  stream  of  oil  constantly  playing  upon  the  tool- 
point.  This  constant  flow  may  be  obtained  by  mounting  a  can  having 
a  spout  leading  to  the  tool  on  a  bracket  at  the  rear  of  the  carriage. 

It  should  be  mentioned  in  this  connection  that  cooling  compounds 
are  also  used  on  regular  turning  tools  cutting  steel  or  wrought  iron. 
Cast  iron  and  brass  are  machined  dry.  A  compound  that  is  widely  used 
is  composed  of  water  in  which  a  quantity  of  sal  soda  has  been  dis- 
solved. The  use  of  cooling  water  permits  higher  cutting  speeds,  and 
gives  a  smoother  finish,  known  as  a  "water"  finish.  To  secure  the 
best  results,  a  rather  large  flow  of  soda  water  should  be  applied  con- 
tinuously on  the  chip  at  the  point  where  it  Is  being  severed  by  the 
tool. 
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CHAPTER  IX 

OALOULATING  OHANQE  GBABS  FOR  THRBAD 
CUTTING 

As  explained  in  Chapter  VIII,  tlie  change  gears  for  cutting  threads  of 
various  pitches  are  shown  by  a  table  attached  to  the  lathe.  The  proper 
gears  to  be  used  can  be  calculated,  but  the  use  of  the  table  saves 
time  and  tends  to  avoid  mistakes.  Every  machinist,  however,  should 
know  how  to  determine  the  size  of  gears  used  for  cutting  any  number 
of  threads  to  the  inch,  but  before  referring  to  any  rules,  let  us  first 
consider  why  a  lathe  cuts  a  certain  number  of  threads  to  the  inch 
and  how  this  number  is  changed  by  the  use  of  different  gears. 

As  the  carriage  C  and  the  tool  are  moved  by  the  lead-screw  fif,  Fig. 
55,  which  is  geared  to  the  spindle,  the  number  of  threads  to  the  inch 
that  are  cut  depends,  in  every  case,  on  the  number  of  turns  the  work 
makes  while  the  lead-screw  is  moving  the  carriage  one  inch.  If  the 
lead-screw  has  six  threads  per  inch,  it  will  make  six  revolutions  while 
the  carriage  and  the  thread  tool  travel  one  inch  along  the  piece  to 
be  threaded.  Now  if  the  change  gears  a  and  c  are  so  proportioned 
that  the  spindle  makes  the  same  number  of  revolutions  as  the  lead- 
screw,  in  a  given  time,  it  is  evident  that  the  tool-  will  cut  six  threads 
per  inch.  If  the  spindle  revolved  twice  as  fast  as  the  lead-screw,  it 
would  make  twelve  turns  while  the  tool  moved  one  inch,  and  conse- 
quently twelve  threads  per  inch  would  be  cut;  but  to  get  this  difference 
in  speeds  it  is  necessary  to  use  a  combination  of  gearing  that  will 
cause  the  lead-screw  to  revolve  once  while  the  lathe  spindle  and  work 
make  two  revolutions. 

Suppose  that  nine  threads  to  the  inch  are  to  be  cut  and  the  lead- 
screw  has  six  threads  per  inch.  In  this  case  the  work  must  make 
nine  revolutions  while  the  lead-screw  makes  six  and  causes  the  car- 
riage and  thread  tool  to  move  one  inch,  or  in  other  words,  one  revolu- 
tion of  the  lead-screw  corresponds  to  oae  and  one-half  revolution  of 
the  spindle;  therefore,  if  the  lead-screw  gear  has  36  teeth,  the  gear  on 
the  spindle  stud  should  have  only  24  teeth.  The  spindle  stud  will 
then  revolve  one  and  one-half  times  faster  than  the  lead-screw,  pro- 
vided it  rotates  at  the  same  rate  of  speed  as  the  main  lathe  spindle. 
The  number  of  teeth  in  the  change  gears  that  is  required  for  a  certain 
pitch,  can  be  found  by  mtiltiplying  the  number  of  threads  per  inch  of 
the  lead-screw,  and  the  number  of  threads  per  inch  to  be  cut,  by  the 
same  multiplier.  The  formula  which  expresses*  the  relation  between 
threads  per  inch  of  lead  screw,  threads  per  inch  to  be  cut,  and  the 
number  of  teeth  in  the  change  gears,  is  as  follows: 

threads  per  inch  of  lead-screw      teeth  in  gear  on  spindle  stud 

threads  per  inch  to  be  cut  teeth  in  gear  on  lead-screw 

6  24 
Applying  this  to  the  example  given,  we  have  —  =  — The  values  of  36 

9  36 
and  24  are  obtained  by  multiplying  6  and  9,  respectively,  by  4,  which. 
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of  course,  does  not  change  the  proportion.  Any  other  number  could 
be  used  as  a  multiplier,  and  if  gears  having  24  and  36  teeth  were 
not  available,  this  might  be  necessary*.  For  example,  if  there  were 
no  gears  of  this  size,  bome  other  multiplier  as  5  or  6  might  be  used. 

A  general  rule  for  finding  change  gears  by  this  method  would  be  as 
follows:  Place  the  number  of  threads  in  the  lead-screw  in  the  numer- 
ator and  the  number  to  be  cut  in  the  denominator  and  then  multiply 
both  numerator  and  denominator  by  some  number,  until  numbers  are 
obtained  which  correspond  to  the  numbers  of  teeth  in  gears  that  are 
available.  The  number  obtained  by  multiplying  the  numerator  repre- 
sents the  gear  for  the  spindle  stud,  and  the  number  obtained  by  multi- 
plying the  denominator, 
the  gear  for  the  lead- 
screw.  As  an  example, 
suppose  the  number  of 
teeth  in  the  change 
gears  sapplied  with  the 
lathe  are  24,  28,  32,  36. 
etc.,  increasing  by  four 
teeth  up  to  100,  and  as- 
sume that  the  lead- 
screw  has  six  threads 
per  inch  and  that  ten 
threads  per  inch  are  to 
.be  cut.    Then, 

6        6X4       24 

10  10  X  4  40 
B  y  multiplying  both 
numerator  land  denomi- 
nator by  4,  we  Obtain 
two  available  gears 
having  24  and  40  teeth, 
respectively.  The  24-tooth  gear  goes  on  the  spindle  stud  and  the  40- 
tooth  gear  on  the  lead-screw.  The  number  of  teeth  in  the  intermediate 
gear  h  which  connects  the  stud  and  lead  screw  gears,  is  of  no  conse- 
quence. 

We  have  assumed  in  the  foregoing  that  the  spindle  stud  (on  which 
gear  a  is  mounted)  and  the  spindle  made  the  same  number  of  revolu- 
tions. In  some  lathes,  however,  these  two  members  do  not  rotate  at  the 
same  speed,  so  that  if  equal  gears  were  placed  on  the  lead-screw  and 
spindle  stud,  the  spindle  would  not  make  the  same  numl>er  of  revolu- 
tions as  the  lead-screw.  A  very  convenient  way  to  determine  the  gears 
to  use  in  such  a  case  is  as  follows:  First  find  the  number  of  threads 
per  inch  cut  when  gears  of  the  same  size  are  placed  on  the  lead- 
screw  and  spindle,  either  by  actual  trial  or  by*  referring  to  the  Index 
plate.  Then  use  this  number  as  the  numerator  instead  of  the  actual 
number  of  threads  per  inch  In  the  lead-screw,  and  proceed  as  previ- 
ously described. 
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ChanGTe  Gears  for  Lathes  with  Compound  Gearlngr 

When  gearing  is  arranged  as  shown  in  Fig.  55,  it  is  referred  to  as 
simple  gearing,  but  sometimee  it  is  necessary  to  introduce  two  gears 
(B  and  C)  between  the  stud  and  screw  as  in  Fig.  62,  which  is  termed 
comjwund  gearing.  The  method  of  figuring  compound  gearing  is  prac- 
tically the  same  as  that  for  simple  gearing,  except  that  the  numerator 
and  denominator  are  divided  into  two  factors,  each  of  which  is  multi- 
plied by  the  same  number  to  obtain  the  number  of  teeth  in  the  change 
gears,  as  before. 

Suppose  the  lathe  has  a  lead-screw  with  six  threads  per  inch  and 
that  the  numbers  of  teeth  in  the  gears  available  are  30,  35,  40  and  so 
on,  increasing  by  5  up  to  100.  If  for  example,  24  threads  per  inch 
are  to  be  cut,  6  is  placed  in  the  numerator  and  24  in  the  denominator 
as  before.  The  numerator  and  denominator  are  then  divided  into 
factors  and  each  pair  of  factors  is  multiplied  by  the  same  number 
to  find  the  gears,  thus: 

6         2X3        (2  X  20)  X  (3  X  10)         40  X  30 


24  4X6  (4  X  20)  X  (6  X  10)  80  X  60 
The  last  four  numbers  indicate  the  gears  which  should  be  used.  The 
upper  two,  having  40  and  30  teeth,  are  the  driving  gears  and  the  lower 
two  having  80  and  60  teeth,  are  the  driven  gears.  The  driving  gears 
are  gear  A  on  the  spindle  stud  and  gear  C  on  the  intermediate  stud, 
meshing  with  the  lead-screw  gear,  and  the  driven  gears  are  gears  B 
and  D.  It  makes  no  difference  which  of  the  driving  gears  is  placed  on 
the  spindle  stud,  or  which  of  the  driven  is  placed  on  the  lead-screw. 
As  another  illustration,  suppose  we  are  to  cut  1%  thread  per  inch  on  a 
lathe  with  a  lead-screw  having  six  threads  per  inch,  and  that  the  num- 
bers of  teeth  in  the  gears  range  from  24  to  100,  increasing  by  4. 
6  2X3  (2  X  36)  X  (3  X  16)  72  X  48 

1%  ""  1  X  1%  ~~  (1  X  36)  X  (1%  X  16)  ""  36  X  28 
The  gear  having  72  teeth  is  placed  on  the  spindle  stud  s,  the  one 
with  48  on  the  intermediate  stud  t,  meshing  with  the  lead-screw  gear. 
These  two  feears  (72  and  48  teeth)  are  the  driving  gears.  The  gears 
with  36  and  28  teeth  are  placed  on  the  lead-screw  and  on  the  inter- 
mediate stud  and  are  the  driven  gears. 
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Tba   Tbeory   of  BlirLnkara   and    Foro«d 


Eallway  Bepair  fibop  Frmctlce. 
Operation     of     Machise     Toolt.- 


-The 


No.      Kt.       Operation 
l^tli«-p   Part   11. 


-Tbe 


Ko. 


98.     Operation    of 

.     Slot  t  IT. 


No,      M, 
Mil.  lilueM 

No,    Sfi. 
Moi'LiiQi'M, 

No.    66. 
Ma^-htiieh. 


Elec- 


of     Macblne     Toola.- 

MaoMne    TooU.— Planar. 

Operation  of  Maotdne  To<iU,--DrlUlJif 

Operation    of    Maokina    Toota, — Boring 

Operation    of    Mackine    Tooli. — Milling 
Port    J, 

Ko.    97.     Operation    of    Macklne    Toola.— Mllllnf^ 

Mui  hlu*?»^,    IVurl   II. 

Ko.   tS«     Operation  of  Maobine  TooU.^-firlnrllnf 

No.  99.  Automatic  Screw  Macblne  Fractlae* — 
rtrhTBtl-uu  uf  ihn-  11.n>iina  A  SburiHi-  A.uti>njiat9c  Screw 
Mai-liliie, 

Ko.  1^.  AutOBiatlo  ftorew  MacMne  Praotioe.^ 
Ih'KiKukHK^  iuul  Viittihg  Cumti  tor  tbtr  AulookNtle 
Srr%*w    MttcEiliiip. 

No.  101.  Autotnatio  Screw  Mmokine  Practice.^— 
CIri'Ulur   KuriJjluK   and   Cut  off  Tuols, 

No.    10!.     Automatic  Screw  Mackliie  Practice.-^ 

Ex  t  f  run  I    C  u  1 1  In  g   'Ifuli*. 

Ko.  103.  Automatic  Screw  Macklne  Practice. — 
luU^rual    CutUxig    Toule. 

Ko,  104,  Automatic  Screw  Machina  Praetlee. — 
Tlir(-ading   i»ii*'ratii>iis». 

No.  106,  Automatic  Screw  Macblne  Practice. — 
Knurling   O^ktrutjoiis. 

Ko.  106.  Automatic  Screw  Machine  Practioe,^ 
CrtuMt  i>rllllni;,    Burring  and   BlottLug  D|i«ratluua. 

Ko.  107.  Drop  Forflng  I>lei  and  Dte-Sinlunf,^ 
A   r*jnipb'tt>  Tri'tttliit'^  on  HJlf-HjiQkliig  M<>tbQdtf. 

No.    lOi.     Die   Caiting   Machlnea. 

Ko.  109.  Die  Caatinc.— Mf>tbodK  and  Ma^blneH 
Tmrd;  tbr  Making  *^f  Mvh  for  Die  fJatiilng. 

No,  119,  Tbe  Eitruilcn  of  Metali.— Marbkipa 
atid  .\lt'lbf>*J(i  Vnetl  In  a.  Llltb  knuwa  Field  i*f 
Metal    W«iirklDE, 

Ko.  ttl.     I.atb«  Bed  Beilpi. 

No,  118.  Macklne  fltopi,  Trlpi  aad  X^klnf  De- 
ricea. — AIjmj  lurlinili-H  Revere  Ing  j^ei'^banljois  and 
('lauip-tng   Dei-Ii'rni.  Digitized  by  \. 


ABDITIOKAL  TITLES  WlLt  BE  AHKOUKCED  IN  MACmKERY  FROM  TIME  TO  TIME 


MAOHINERY'S  DATA  SHEET  SERIES 

Mauuinery's  Data  Sheet  Books  include  the  well-known  eeties  of  Data  Sheets 
originated  by  Machi:vehy,  and  issued  monthly  as  supplcmenls  to  the  publication; 
of  these  Data  Sheets  over  50^.  have  been  |)tiblished,  and  6*00 0,000  copies  sold.  Re* 
vised  and  greatly  amplined,  they  an?  now  preaeuted  in  book  form,  kindred  auti- 
jects  being  grouped  together  The  price  of  each  hook  is  25  cents  (one  shilliDiS) 
delivered  an>^'here  In  the  world. 


CONTENTS  OP  DATA  SHEET  BOOKS 


No  1.  Screw  Tlire*di.~1  tiitfJ  StateH,  Wbifr- 
wurlh,  t4llJlr^^  V-  and  lAriiMi  AmwimIjiiIou  Tlm^uiU: 
Krisg«  i*i|M'  'riinit-i.  «ill  W^-n  rtiB^iijf  aaner^i 
Flr«j  UiNf  I'ouinMiUvim:  Afmo.  Wuriii  uud  Mt'lrle 
TlirpM"!!*;  MHiblin*.  VVockI,  i^jg  SrrL'Wj  atitl  Cur- 
rla^i?   ItoU   Thr*-ad».   elo. 

No,  i.  Screwi.  Bolti  and  Nuta.— FtMlHtiT  licmT. 
Mi'inilrKH.  ("<i||lur  IjhshI  HtuJ  H*-xjiik'ou  lii-Bit  Si-n-iivi*: 
^(lunJiiril    luiiJ    J^iMniiil    Nnif«:     J' nut*.    T  l^ulu    uiul 

No.  3,  Tap*  and  Dies.— Ha(id.  Miniam-.  TiiMM^r 
uihI  Mmhitu'  HiTi'U  rupn;  Tn]H'V  iDe  Tnpn;  S.-lUrs 
lUiUti'  Si  n-w  Msii^IkiiH'  Taiw:  ^^trwlglit  imd  Trtrcr 
\UtihT  Tmi^h;  J^ta>  Im»U,  WiH!?.bimt,  am!  l'ui<ti  ln^t 
Taps;    IMiH    '\a\tti  ami    UoU,t,   Tliri'sidliij;   Hi*  f^. 

No.  4.  ltea.mer>,  Bo«keU,  DriUi  and  HilUnr 
Cuiteri.— lluiuJ  U(*nnn'rK;  Sliell  Id-nnurn  awl  At 
hors;  I'ltrt'  ItfamtTs:  Ta(n'r  Vliit>  Hiid  Iti'tiJiit-r??; 
Brown  St  Sliarii«,  MorK<>  uod  Jarno  'niiHi  .^orki'tw 
aui)  Mruiiji-r^:  nrlUi*:  Wire  Hugk-*;  MlltlivK  i'uli*'irii; 
Ji^-tlkUM  Aii^'li-h  fur  MlJItntr  Tt'<nU  In  Km!  MHlr*  arnT 
Atig^hlnr   I'ntit'rs,   *'tr. 

Ho,  5.  Bptir  Oearlnf.— niamftrHl  uin!  nniiljir 
riliii;  IHiaii-HNkrti-  uf  S|iiir  Oi'tir*;  TjiI*1»'k  *ft  l*lt<  3i 
niametfrH;  Cld»»nh.|£nipl>  TuMi^-  [iDllUij?  Mill  iivar- 
tug:  Stnncth  of  S|nir  (Icurn;  UMiM'iN.tt*  r  Trnii^i 
luittoU  by  C'ri^r  Irnm  mul  HrtwUiilr  riiil"«ii«.  r^fltin 
ut  Ht»ur   (ifHis;    i:|il.>^  II-    I'.iarttiK. 

No.  ©►  Bevdl,  Spiral  and  Worm  Goarinf,-  Itnl"-"- 
amJ  ForniiiluK  for  |!.-v»  1  <;<r»r-*,  Sfn  riKMi  of  n<  v*  I 
Oear**;  |H'?.Jku  "T  liov*!  ^Ifjn-^;  liiili'T*  mini  Punmilfit* 
for  SplfMl  tl*'»r»;  Miaifinni  for  rmirr*  for  Ss*iml 
G«>ans;  KuI^k  iitut  F<iriiiMliiM  Ttn   \V^^^I»  nruriuif,  tti\ 

No.    7.     ShaftLnf,    Knya    and    Keywayf.— nor^T 
iKiw^T  of  SlmfTlng;   SfniiKMi  *il   Sli;»rilnir:    K(irrOi«. 
iM'lvlBg,    Shrlnl,i»(?    iind     Konuhiij    riT>i     Wotiilniff 
Krys;    StJiiidrtid     Key*.    *HU     K,y#,    .Milling     K«',v- 

No.     S.     Bearings,     CoupUnff*,     Clutch  pa.     Cra.ne 
Chain  and  Hooks- ril^m    »;to*kK:    r.;it,>.hf<  d    It.Jit 
liiiC^';    llnJI   nod    Knlli-r    It^^rrrinn'^i    i'\i\m\>  (VitniliiiK^; 
riiiriif*'  r.*M|»IJfi|;h;    nmili  (infidn'i.;  *"i'rtl>  rioiivlhi^*.*: 

«*MTu*     C'lnhlt..*,     rniv<r.iMl     .Tnihl»<,     tV '     fJirtln: 

Crane    lluukK:    I>rnMi    S-ori  «. 

No.  S.  Sprinira,  SIWrm  and  Machine  T>.^taiU. — 
ronnnlMM  jmi!  IjiH*-?*  f  nr  Siriiii;  Ctil- iilfMlMHH ;  Mn, 
rhlkn'  Slld**^;  Mii'-htnc  ll,iiiiH»-i  Jni^l  L«v.r!*;  r-»n,ir?*; 
Hand   Wbirlr^;   I'InK  iiml   lon^rH,    I  UMiJunkJ-'^. 

No.  10.  Motor  BriTo.  Sp^cdi  and  TemU,  Change 
Gearmc.  and  Boring  Bara.  -Vuv,rr  r-Miiln-*J  f*'r 
Maohlni-  Trxpk:  <'iittln»r  SihmvIji  nml  I^'«m'iJis  for 
rarr^fMi  and  IMKh-*iii<'d  Sfi-i-l:  )*rr*.w  Mmhlnr 
HrK*^tH  nnd  Fr*'dRr  H»*n»  Tn-MrriMtU  of  HVkIi  kiiihhI 
St*«*'l  TooN:  Tnn«'^  Tnmlnjf:  nuitik't*  Oonrliic  for 
the   iJil^tj**;    Borhiff   BiifH  nnd   Tooln, 


No.      11.     Milling   Machine   Ir 
Dovicoa  and  Pt&ner  Jacks*  -  Tai^ 
t'liUu'   lndr\lii|?:    rhiKifft'  Ui'iirj*   r 
Anicl«'>^    f'tr    Hi"itliT|f    IitdrTlii^    ll'uil    wh-n, 
f'lutilH'fi,  Jig  ClumiiUi^  Devkea, 

No,  12.     Pipe  and  Pipe  Fitting,— niw»   T,.: 

find  CJUfCi'it;  i'liHt  Inm  Ktltlngf;  l^ruua**  l^tttuif^- 
1'Uh>     Flunires:     njm     It«>utlit;     Plp'^     I'lamiw     bhiI 

No.  13.  Boilflri  maA  Chimneja,— Fluif  B|i«<^li[C 
uml  rirui'itii;  fur  Ikdlcr^:  Sirtiiirlli  uf  JIuilcr  JolaiU; 
Ulvrtlug;    lj€ller   Setting;   Cliliuueyd. 

No.    14.     Locomotive  and  Bailwrn^  Bata-.^Tjo'^. 
nu'tlvf'   Jtwiltra*    Hruriiij?   l^n-^-iu'-M    for   Ijctw^mt.-*-- 
Journnlc;^  |^M'f>ni4>ttvt.''  ClnHiAiricatlmio:   llall  ^ 
Fn»K»*.    SMitrlM-s  and    ('nit*^vi*n*;    Tin't*. 
rortt!;  Inertia  of  Triihii*;   Itmkit  l4*vt»r». 

No.     Ifi.     Stoam    and     Oaa    Eagines, — f»i|tarmf»^ 

h*liiliii;    ?<(<*n"n    I'ljji'   Slfi'^;    sr.^in    Kn-in^^     1*   ,  ^ri. 
V4diinn'  of  r>ilndr'rn;   Wlnit 
UfiSi  l^^uf;ln<^  Vnlvi^  Iti-nrMi,  ^ 
Ihihi;    Iliin-ottiiWiT   **f    r,ii- 
i>iU>  blngm4«  rr4iiik»<lmft*i,  *  h\ 

No.     16.      Hatt)«m*tieal     TaMs*. — ItqiuirM     ^.r 

MtXi'd    NundiiT'*,    Knncf ftfun   of    f-" •■■■•■        f- 

h'^'iiff  jitMl   l>lrtwif*t4'f»:  lit  riivli 
iii{;    uff   CMn  Imi«.;    Soluiton    of     1 1 

[t>t     Hohhi^'      |{i<|;i)llir      |Np]>j:<Ml!«,      ',    -M.H,  in.  .>i       »; 

yn'spiloii,    eic. 

No.  17.     Mechanica  a&d  Btr«&ft)i  of  Kare^rtals. — 
Wnrk;   r.nrrisy  I  I  Viitrlf«i^pit   Koni-,  C'  ' 
iiv:    Moikm,    KTMMiim,    t'«'nctuliun:    hi 
Stn^utrih    nf    MfiiiTiul^;    stj-fn^rh    of    ; 
Sinniitli  ut  Thick   Cj  liUdtTK,    elc. 

No.  Id.     Beam  ForiniiUt  mnA  fttmotnTm]  llf»fi^» 

lU^aiM     TlU'llUlJiM.    ^iiH-noDM)     XliHiuU    of    Sm 

Sluipi>K;  Iktiiti  rtiiirri^:  Ni^t  Arr>o,«  t»f  ni 
Anwrltv*.  Itlvi^i  Hpiiihiir;  Wph^'cH  fur  Huinni  ; 
1^^'«ll^^;   i^lreKhva  in    Hoof  Tnj******,   etc. 

No.   19.— B<vlt,   Bope  and  Chain  DHvct. —  I*  -  > 

f^ir.ii,^    Ml    I'iHIimk;    \Vi<1;:IHm   ♦•f    rullr.v* ;    ||i  i- 
of    iLltliip:    llrlt    V*"tot'J»y;    Anu^ulnr    tU»i 
]|iir^»'|rf>\vfr    irnnxniHTi'd    iiy     l(iiih>«;    S^Im  . 
IJo|K»    I>rlvvi     nmilttti:    Sln-irwi*    tii     V\'lts        :^ 
Spnnki-rN    for   j.hik    rhuttia:    fortnnlaa  an«)     r«bV>v 
for    liriviug    CtitiliL 

No.  20.     Wiring  D1arrmiiif«  Beatinr  u^  Tmiti^ 

lion,     and     M[scoIla,ncioua    Tabl«a.     TrpUtil     Jttofi^r 

Win*;  Curri'itt  J^cn-tlilr*  for  VtirloiiM  I'litTLiictM  feki 
Mafi^rtaU:  (Vnrrifui^iit  run  nnd  ll!iiw*^  Ctiiiarr 
h4«H:  riot  \Viit<-r  Mutu  Carruiflr*;  fMituial  aqaltn 
li'Uls.  Mitrlr  CotirtrxUm  Table*.  W#lr)(t»  aiM 
8p<M  ItSr  iJrnrltr  of  M<>tala,  Draftlti*  n<oni  r«o 
T»ntlona,    nte. 


Machineby.  the  leading  journal  in  the  niachlne-biifldlng  fleld,  the  originator  nf 
the  25-ccnt  Reference  and  Data,  Hooks,  rnblished  monthly.  Subscrlptioti^  |2J>g 
yearly.     Foreign  .^subscription,   $3.00. 

The  InduBtrial  PresB,  Publishers  oibMafcoaSi^Sglc 
4Q-55  Lafkvetta  Street.  New  York  CSts:. 
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MACHINERY'S  REFERENCE  BOOKS 

This  treatise  Is  one  nmi  in  a  comprehensive  Series  of  Reference  books  origlaated 
hy  Maciiisery*  and  incJuding  an  indefmUe  number  of  compact  unitB,  each  covering 
one  Buhject  thor^iiighly.  The  wliole  merles  comprls^B  a  complete  working  library 
of  mcHi-hanlral  literature.  The  price  of  each  book  ia  25  cents  (one  shilling)  de- 
ll veriMl   anywlicrn  in   thu  uorhl 


I.rST  OF  REFERRNCS  BOOKS 


Ho,  I.  Worm  Qntrlni.— rolnilotJiiir  l>lMtinm1un- ; 
Wuriu    4J#>}iHtiK.    *'t' ■ 

No,  3*  BriU  Jifii.— PrtWi'tpli'fi  of  1)1111  J»jr»:  JlR 
J*Iuli'j«-,     llXitluipIrN    "if    .UgHi, 

Ko.     4,      Millinr    Fiiturcju— fTluetfiU'w    of    Fli- 

Ko.  ft.    First  Prijicipl««  of  TLftorttitml  MeobAnlcft. 

No.    e.     Punch    «.bd    Di«    Work.— Pr1ni4itl(-»    of 

I'liihb    ttud    Die    Work;    Making    untl    rKliijf    HI"**; 

No.  7.  LftUitt  and  Flajior  Tool*.— Cut rinff  Tool»; 
lk>rln|r  Tiwl**;  Shaiiv  ..f  stuiiaunl  «lKn»  100^; 
For  Ml  In  ]|  TwOh, 

No.  0.  Workint  Briwlnffi  and  l>r*ftliir-E(»m 
KinlM. 

No.  e.  Ihsaiiniflt  and  Cutting  C*ini.-^Dr*rt1np 
fhf  c  tmiK.  rmii  i'urven;  t'auj  fJfMlgii  iiTitl  ruin 
tut  ting. 

No.    10.     £xainpl«s  of  Maohln*  filiop  Practice. 
I'll  I  tins      n-vt'l     «;Mflrs,      Mukliie     n      WurTii.*  h  ur ; 
H|iliiUk    Con.itrui-ltou, 

Ntt.  11.  Bearinfa.—DeBlffn  of  Hparlngii;  Cm^m* 
iiC  Kot  H^Mir'iiKi-^  AlkiyH  for  rifartiiii*;  Frlctlo<i 
kihJ    lulirlratiou. 

No.    IS,     Out   r*f   print. 


No.  18. 
Tiliinkliiif 

lUc-BB     111 


Blanki&f  BleB.^Maktnff  Blanking  Di«»«: 

airi>l     rirr.  huf    1Jl*•^;    WpUt    Dien;     Sov«l 
Hit    Maki»is. 


No.  U.  Detail*  of  Machlnfl  Tool  Dealfn,— ('om- 
i'lilleyf*  ant\  h+'Ur*;  Stri-itiftli  of  Count*>rttbiir(H; 
Tutiibl*?r  liear   iK^^nlffOi    b'ttult«  of   Iroti    Cfititlnipi. 


No.     IB.     flinir     Oeariar— nimen*tonn; 
jstmijjti];    I>uruhUlt>, 


T>fhI|^ii  ; 


k;     IViTiH     fup     High 


No,    Sa.     Tfc»o*y   of   Crmne   Bi*ir«l.— J"*    <>»•»♦*♦ 
Slmfl*.  <Jt'ur>.  mill   lt«arlojpi;  fun**  to  Move  t^raiir 
Trulle>»»  rillar  frant-a. 

No,  H.  Examplos  of  Calottlatiaff  Dotlgma.— 
rjij»ftH  hi  lii'«lK«lfiu:  IMiiMt.  and  liUi>t*r  FfaiUf*. 
SHcar   Kmou'*.,   HUk't  anil   B»r   Pmw"*,  t-lc. 

No.  W.  Boop  Holo  BrUliBf.— Mftboa^  of  DrtU- 
lii^i,   t'onklriHliuti  uf  LirUiti. 

No,  86.  Modem  Fuaoh  and  Dia  Couatniotiom.— 
rourtiruilloii  utxit  l'!«"  of  8utjpt*'»«^  IHi"*t;  Modi-m 
nUnkliig  Ilk'  rt«OMtrtn'tio« ;  llrawiog  and  ruemittg 
l»k'n. 

No.  S7.  LocomotlTO  BoKipi,  Part  T,— BoIltTfc. 
rylauhTM^    Pipes  and   PUtont*, 

No.  it.  LooomotJTe  Beaign,  Part  II.— Stfi*l»«k* 
.^4Hi   rtnd    Wal^chaiTt*   Valve   Wotlmui;    Tliriir).  i'al- 

1  iiliil.oii    ami    I*eHlg:u. 

No.  88.  LoeomotiiTB  Besira,  Part  lll.-^iit*ikt- 
hu\:  l':\liniijnt  l'i|M  :  Krumf<^.  L-n;»«-lii''adji;  (3iilila> 
11ur>*;  Touni'ii'tluif  rtidK.  I'rauk  (dn^;  Ailt'*;  l»rl»liiic- 

No.   W.     Looomotive  Datlgn,   Part   IV, — Springs^ 

Irin  kH,    Tftd   &iul    Tt-ndtT. 

No.  SI.     Bcrov  Thread  Toola  and  6a^a. 

No.  as.  Screw  Thread  Cuttia^. — Jjitbe  rhaogv 
Trraiiv;   TUn^iid   TooU;    Kiukt*. 


No.     IB.      Machine     Tool 
I'rmlx:     Slnifl.      indky     liriv. 
Slwed    Cutting   Tools. 

No.  17.  Strenfth  of  Cylinder!. — FormulaH, 
riiartifp    hhU    tiiugrumt*. 

No.  II.  Shop  Arithmetic  for  thu  Machinist.— 
Tjiim^th;  C'liatiK"'  iJMurK;  (iiliLtii:  t<p**fa«:  F+'inli*; 
Judtxlng;  GearJiijb'   for  i^uttlng  SpiralH,  AnglrM. 

No.    19-     ITio  of  Formnlai   in   Mechaaici.— With 

1 M I  tj  I  * '  rti  uc  n  ijpl  lea  ii*jn  s* , 


-Uiili'K,    Foriii«la».   and 


Bxstem«  and  Practioo  of  t^o  Brafttar^ 
Care     and     Repair     of     Bjnamos     and 


No.  as. 

Roo.u. 

No.     Si, 
ttotora. 

No,  ftfi.  Tables  and  Formulae  for  Shop  and 
Braftiaf-Hoom.  — 'i'lii"  Vki^  <»f  Furnnilaw.  S<4u(t:Mt* 
If  Trtjingb'f';  Sfn-nKth  of  MHtrrluUii  *?«-nrinc; 
>;rrew  TUrpadB;  T»|t  Drill*.  l»rill  RiMa;  Tapr>ra: 
Ki'ya,  Hi', 


No.    S6. 
fsn  lure   lit 


Iron    and    SteeL^^Prtnolplre  of    MaiiQ' 
»I   Trfutmi'iit. 


No.   80.     Spiral   Gearincr.- 
lUtigraniji,    vU\ 

No.  St.  Meaauriair  Toola.^HlHtory  of  Standard 
TuidM;   Protraetora. 

No.  8S.  CaloulaUan  of  Elemonti  of  Machine  Dp* 
aim,— t'a.lur  of  Sftfity:  StrHiKlli  <*f  Ikjlih*;  Ul*i  i 
f*l  JidiitM;    K.ieyr   end    K*-}  wuy*. ,    loggk   Jcdulu, 

<S«ci    ioilde    bark    cov« 


No.  ST.  Bevel  Geariav.— Kiileii  and  Forinnlaft; 
i:xMTin  U<^  of  Cjili  iilut  on:  T**orh  Ontltni^K;  8tr«iirth 
uiid  JiurablUly;  hewl^'^n;  Mi*tliod»  of  Cutting  Tft^th. 

No.   38.     Out  of  print.     See  No.  (kft. 

No.  39.  Faai.  Ventilation  aad  SBatia«.--Fnna: 
MlMlrr^;    Sbop    tli'Ullng. 
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CHAPTER  I 


TAPER  TURNING 


It  is  often  necessary.  In  connection  with  lathe  work,  to  turn  parts 
tapering  instead  of  straight  or  cylindrical.  If  the  work  is  mounted 
between  the  centers,  one  method  of  turning  a  taper  is  to  set  the 
tailstock  center  out  of  alignment  with  the  headstock  center.  When 
both  of  these  centers  are  in  line,  the  movement  of  the  tool  is  parallel 
to  the  axis  of  the  work  and,  consequently,  a  cylindrical  surface  is 
produced;  but  if  the  tailstock  h^  is  set  out  of  alignment  as  shown  in 


Jfo«%in«rv 


Flff.  1.    Taper  Tnmingr  by  thm  Oflbet^oenter  Method 

Fig.  1,  the  work  will  then  be  turned  tapering  as  the  tool  is  traversed 
from  a  to  &,  because  the  axis  x — x  is  at  an  angle  with  the  movement 
of  the  tool.  Furthermore  the  amount  of  taper  or  the  difference  between 
the  diameters  at  the  ends  for  a  given  length,  will  depend  on  how 
much  center  hi  Is  set  over  from  the  central  position. 

The  amount  of  taper  is  usually  given  on  drawings  in  inches  per 
foot,  or  the  difference  in  the  diameter  at  points  twelve  inches  apart. 
For  example,  the  taper  of  the  piece  shown  at  A,  Fig.  2,  is  1  inch  per 
foot,  as  the  length  of  the  tapering  surface  is  just  twelve  inches  and 
the  difference  between  the  diameters  at  the  ends  is  1  inch.  The 
conical  roller  shown  at  B  has  a  total  length  of  9  inches  and  a  taper- 
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ing  surface  6  inches  long,  and  in  this  case  the  taper  per  foot  is 
also  1  inch,  there  being  a  difference  of  %  inch  in  a  length  of  6  inches 
or  1  inch  in  twice  that  length.  When  the  taper  per  foot  is  known, 
the  amount  that  the  tailstock  center  should  be  set  over  for  turning 
that  taper,  can  easily  be  estimated,  but  it  should  be  remembered 
that  the  setting  obtained  in  this  way  is  not  absolutely  correct,  and  is 
only  intended  to  locate  the  center  approximately.  When  a  taper 
needs  to  be  at  all  accurate,  it  is  tested  with  a  gage,  or  by  other  means, 
after  taking  a  trial  cut,  as  will  be  explained  later,  and  the  tailstock 


-w^ 
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FIff.  ft.    Bzamplea  of  T»p«r  W<»k 

center  is  re-adjusted  accordingly.  There  are  also  more  accurate 
methods  of  setting  the  center,  than  by  figuring  the  amount  of  offset, 
but  as  the  latter  is  often  convenient,  this  will  be  referred  to  first. 

Setting  Tailstock  Center  for  Taper  Turning 

Suppose  the  tailstock  center  is  to  be  set  for  turning  part  C,  Fig.  2. 
to  a  taper  of  approximately  1  inch  per  foot.  In  this  case  the  center 
would  simply  be  moved  toward  the  front  of  the  machine  Ms  inch, 
or  one-half  the  required  taper  per  foot,  because  the  total  length  of 
the  work  happens  to  be  just  12  Inches.  This  setting,  however,  would 
not  be  correct  for  all  work  requiring  a  taper  of  1  inch  per  foot,  as 
the  adjustment  depends  not  only  on  the  amount  of  the  taper  but 
on  the  total  length  of  the  piece. 

For  example,  the  taper  roller  B  has  a  taper  of  1  inch  per  foot,  but  the 
center,  in  this  case,  would  be  offset  less  than  one-half  the  taper  per 
foot,  because  the  total  length  is  only  9  inches.  For  lengths  longer 
or  shorter  than  twelve  inches,  the  taper  per  Inch  should  be  found 
first;  this  Is  then  multiplied  by  the  total  length  of  the  work  (not 
the  length  of  the  taper)  which  gives  the  taper  for  that  length,  and 
one-half  this  taper  is  the  amount  to  set  over  the  center.    For  example. 
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the  taper  per  inch  of  part  B  equals  1  inch  divided  by  12  =  1/12  inch. 
The  total  lengrth  of  9  inches  multipled  by  1/12  inch  =  3/4  inch,  and 
%  of  %  =  %,  which  is  the  distance  that  the  tailstock  center  should 
be  ofbet.  In  this  example  if  the  taper  per  foot  were  not  known,  and 
only  the  diameters  of  the  large  and  small  ends  of  the  tapered  part 
were  given,  the  difference  between  these  diameters  should  first  be 
found  (2%  —  2  =  %);  this  difference  should  then  be  divided  by  the 
length  of  the  taper  (^  -4-  6  =  1/12  Inch)  to  obtain  the  taper  per 
inch.  The  taper  per  inch  times  the  total  length  represents  what  the 
taper  would  be  if  it  extended  throughout  the  entire  length,  and  one- 
half  of  this  equals  the  ofbet»  which  is  %  Inch.* 

Example  ot  Taper  Tumlnir 
As  a  practical  example  of  taper  turning  let  us  assume  that  the 
piece  A,  Fig.  4,  which  has  been  centered  and  rough  turned  as  shown* 
is  to  be  made  into  a  taper  plug,  as  indicated  at  B,  to  fit  a  ring  gage 
as  at  C.  If  the  required  taper  is  IVa  inch  ppr  foot  and  the  total  length 
is  8  inchee*  the  tailstock  center  would  be  offset  %  inch. 
To  adjust  the  tailstock,  the  nuts  N  (Fig.  3)  are  first  loosened  and 

then  the  upper  part  A  is 
shifted  sidewise  by  turning 
screw  8.  Scales  are  pro- 
vided on  some  tailstocks  for 
measuring  the  amount  of 
this  adjustment;  if  there  is 
no  scale,  draw  a  line  across 
the  movable  and  stationary 
parts  A  and  B,  when  the 
tailstock  is  set  for  straight 
turning.  The  movement  of 
the  upper  line  in  relation  to 
the  lower  will  then  show 
the  offset,  which  can  be 
measured  with  a  scale. 
When  the  adjustment  has 
been  made,  nuts  N  are  tightened  and  the  work,  with  a  dog  attached,  is 
placed  between  the  centers  the  same  as  for  straight  turning.  The 
taper  end  is  then  reduced  by  turning,  but  before  it  is  near  the  finished 
size,  the  work  Is  removed  and  the  taper  tested  by  inserting  it  in  the 
gage.  If  it  is  much  out,  this  can  be  felt,  as  the  end  that  is  too  small 
can  be  shaken  in  the  hole.  Suppose  the  plug  did  not  taper  enough  and 
only  the  small  end  came  in  contact  with  the  gage,  as  shown  some- 
what exaggerated  at  D;  in  that  case  the  center  would  be  shifted  a 
little  more  towards  the  front,  whereas  if  the  taper  were  too  steep,  the 
adjustment  would,  of  course,  be  in  the  opposite  direction.  A  light  cut 
would  then  be  taken,  to  be  followed  by  another  test.  If  the  plug  should 
fit  the  gage  so  well  that  there  was  no  perceptible  shake,  it  could  be 
tested  more  closely  as  follows:     Draw  three  or  four  chalk  lines  along 


FIff.  8.   I>«tea  VlewoflAtlMTallstoOk 


*S««  alio  Machinbbt'8  Reference  Book  No.  18.  "Shop  Arithmetic  for  the  Machinist." 
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the  tapering  surface,  place  the  work  in  the  gage  and  turn  it  a  few 
times.  The  chalk  marks  will  then  show  whether  the  taper  of  the  plug 
corresponds  to  that  of  the  gage;  for  example,  if  the  taper  is  too  great, 
the  marks  will  be  rubbed  out  on  the  large  end,  but  if  the  taper  is  cor- 
rect,-the  lines  throughout  their  length  will  be  partially  erased. 

Another  and  more  accurate  method  of  testing  tapers,  is  to  apply  a 
thin  coat  of  Prussian-blue  to  one-half  of  the  tapering  surface,  in  a 
lengthwise  direction.  The  work  is  then  inserted  in  the  hole  or  gage 
and  turned  to  mark  the  bearing.  If  the  taper  is  correct,  the  bearing 
marks  will  be  evenly  distributed,  whereas  if  the  taper  is  incorrect,  they 
will  appear  at  one  end.  Tapering  pieces  that  have  to  be  driven  tightly 
into  a  hole,  as  a  piston-rod,  can  be  tested  by  the  location  of  the  bearing 
marks  produced  by  actual  contact 

After  the  taper  is  found  to  be  correct,  the  plug  is  reduced  in  size 
until  it  just  enters  the  gage  as  at  C,  The  final  cut  should  leave  it 
slightly  above  the   required   size,  so   that  a  smooth  surface   can   be 


Fiff.  4.    T»per  Vlng  and  Omge 

Obtained  by  filing.  It  should  be  mentioned  that  on  work  of  this  kind 
the  final  finish  is  very  often  obtained  by  grinding  in  a  regular  grind- 
ing machine  instead  of  by  filing.  When  this  method  is  employed, 
a  lathe  is  used  merely  to  rough  turn  the  part  close  to  size. 

When  the  amount  that  the  tailstock  center  should  be  offset  is 
determined  by  calculating,  as  in  the  foregoing  example,  it  is  usually 
necessary  to  make  slight  changes  afterward,  and  the  work  should 
be  tested  before  it  is  too  near  the  finished  size  so  that  in  case  one 
or  more  trial  cuts  are  necessary,  there  will  be  material  enough  to 
permit  this.  When  there  are  a  number  of  tapered  pieces  to  be  turned 
to  the  same  taper,  the  adjustment  of  the  tailstock  center  will  have 
to  be  changed  unless  the  total  length  of  each  piece  and  the  depth 
of  the  center  holes  are  the  same  in  each  case. 

Setting  the  TailstoclL  Center  with  a  Caliper  Tool 
Another  method  of  setting  the  tailstock   center   for   taper  turning 
is  illustrated  in  Pig.  5.    The  end  of  a  rod  is  to  be  made  tapering  as 
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at  A  and  to  dimensions  a,  &,  c  and  d.  It  is  first  turned  with  the 
centers  in  line  as  at  B.  The  end  d  is  reduced  to  diameter  b  up  to 
the  beginning  of  the  taper  and  it  is  then  turned  to  diameter  a  as  far 
as  the  taper  part  c  extends.  The  tailstock  center  is  next  set  over 
by  guess  and  a  caliper  tool   is  clamped  in  the  toolpost.     This  tool, 


FIff.  6.    Settinff  Work  for  T»pMr  Tamlnff  by  nam  of  0*ltp«r  Oa^e 

a  side  view  of  which  is  shown  in  Fig.  6,  has  a  pointer  p  that  is  free 
to  swing  about  pivot  r,  which  should  be  set  to  about  the  same  height 
as  the  center  of  the  work.    The  tailstock  center  is  adjusted  until  this  - 
pointer  just  touches  the  work  when  in  the  positions  shown  by  the 
full  and  dotted  lines  at  C,  Fig.  5;   that  is,  until  the  pointer  makes 


M<uhin»ry  \ 


Flff.  O.    81d«  YlAW  showl&s  B«latlT«  Positions  of  Oaffe  uid  Work 

contact  at  the  beginning  and  end  of  the  taper  part.  The  travel 
of  the  carriage  will  then  be  parallel  to  a  line  x — x,  representing  the 
taper;  consequently,  if  a  tool  is  started  at  the  small  end,  as  shown 
by  the  dotted  lines  at  D,  with  the  nose  just  grazing  the  work,  it 
will  also  just  graze  it  when  fed  to  the  extreme  left  as  shown.  Of 
course,   if  the  taper  were  at  all   steep,  more   than   one   cut   would 
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be  taken.  If  these  various  operations  are  carefully  performed,  a 
fairly  accurate  taper  can  be  produced.  The  straight  end  d  is  re- 
duced to  size  after  the  tail-center  is  set  back  to  the  central  position. 
Some  mechanics  turn  notches  or  grooves  at  the  beginning  and  end 
of  the  tapering  part,  having  diameters  equal  to  the  largest  and 
smallest  part  of  the  taper;  the  work  is  then  set  by  these  grooves  with 
a  caliper  tool.  The  advantage  of  the  first  method  is  that  most  of  the 
metal  is  removed  while  the  centers  are  in  alignment. 

Settinir  the  Tallstook  Oenter  with  a  Square 
Still  another   method    of   adjusting    the   tailstock   for   taper    turn- 
ing, which  is  very  simple  and  eliminates  all  figuring,  is  as  follows: 
The  part  to  be  made  tapering  is  first  turned  cylindrical  or  straight 


Fig.  *7.    Obtaining  TsUstook  Oeator  A^Jastment  by  use  of  Square 

for  3  or  4  inches  of  its  length,  after  the  ends  have  been  properly 
centered  and  faced  square.  The  work  is  then  removed  and  the  tail- 
stock  is  shifted  along  the  bed  until  the  distance  a — &  between  the 
extreme  points  of  the  centers,  is  exactly  1  foot.  The  center  is  next 
offset  a  distance  6— c  equal  to  one-half  the  required  taper  per  foot, 
after  which  a  parallel  strip  D,  having  true  sides,  is  clamped  in  the 
toolpost.  Part  D  is  then  set  at  right  angles  to  a  line  passing  from 
one  center  point  to  the  other.  This  can  be  done  conveniently  by 
holding  a  1-foot  square  (preferably  with  a  sliding  head)  against  one 
side  of  D  and  adjusting  the  latter  in  the  toolpost  until  edge  E  of 
the  square  blade  is  exactly  in  line  with  both  center  points.  After 
part  D  is  set,  it  should  be  clamped  carefully  to  prevent  changing  the 
position.  The  angle  between  the  side  of  T>  and  an  imaginary  line 
which   is   perpendicular   to   axis   a — &,   is   now   equal  to   one-half   the 
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angle  of  the  required  taper.  The  axis  of  the  part  to  be  turned  should 
be  set  parallel  with  line  E,  which  can  be  done  by  setting  the  cylin- 
drical surface  which  was  previously  finished,  at  right  angles  to  the 
Bide  of  D.  In  order  to  do  this  the  work  is  first  placed  between 
centers,  the  tailstock  being  shifted  along  the  bed  if  necessary;  the 
tail-center  is  then  adjusted  laterally  until  the  finished  cylindrical 
surface  is  square  with  the  side  of  D.  A  small  try-square  can  be  used 
for  testing  the  position  of  the  work,  as  indicated  in  Fig.  8.  If  the 
length  of  the  work  is  less  than  1  foot,  it  will  be  necessary  to  move 
the  center  toward  the  rear  of  the  machine,  and  if  the  length  is  greater 
than  1  foot,  the  adjustment  is,  of  course,  in  the  opposite  direction. 
(This  method  has  been  described  in  Machinery  by  Mr.  H.  C.  L#ord.) 

The  Taper  Attachment 

Turning  tapers  by  setting  over  the  tailstock  center  has  some  objec- 
tionable   features.     When    the   lathe    centers    are    not    in    alignment. 
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Flff.  8.  6«oond  Stop  to  A^ustlnff  TaOBtoolt  Center  by  nee  of  Sqaare 

as  when  set  for  taper  turning,  they  bear  unevenly  in  the  work  centers 
because  the  axis  of  the  work  is  at  an  angle  with  them;  this  causes 
the  work  centers  to  wear  unevenly  and  results  in  inaccuracy.  Further- 
more, the  adjustment  of  the  tailstock  center  must  be  changed  when 
turning  duplicate  tapers,  unless  the  length  of  each  piece  and  the 
depth  of  the  center  holes  are  the  same.  To  overcome  these  objections, 
many  modern  lathes  are  equipped  with  a  special  device  for  turning 
tapers,  known  as  a  taper  attachment,  which  permits  the  lathe  centers 
to  be  kept  in  alignment,  and  enables  more  accurate  work  to  be  done. 

Taper  attachments,  like  lathes,  vary  some  in  their  construction, 
but  all  operate  on  the  same  principle.  An  improved  form  of  taper 
attachment  is  illustrated  in  Figs.  9  and  10,  which  show  a  plan  view 
of  a  lathe  carriage  with  an  attachment  fitted  to  it,  and  also  a 
sectional  view.    This  attachment  has  an  arm  A  on  which  is  mounted 
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a  slide  8  that  can  be  turned  about  a  central  pivot  by  adjusting  screw 
D.  The  arm  A  is  supported  by,  and  Is  free  to  slide  on  a  bracket  B 
(see  also  sectional  view)  that  is  fastened  to  the  carriage,  and  on 
one  end  of  the  arm  there  is  a  clamp  C  that  is  attached  to  the  lathe 
bed  when  turning  tapers.  On  the  slide  8  there  is  a  shoe  F  that  is 
connected  to  bar  E  which  passes  beneath  the  tool  slide.  The  rear  end 
of  the  cross-feed  screw  is  connected  to  this  bar,  and  the  latter  is 
clamped  to  the  tool-slide  when  the  attachment  is  in  use. 

When  a  taper  is  to  be  turned,  the  carriage  is  moved  opposite  the 
taper  part  and  clamp  C  is  fastened  to  the  bed;  this  holds  arm  A 
and    slide    8   stationary   so   that   the   carriage,    with   bracket   B    and 

shoe  F  can  be 
moved  with  rela- 
tion to  the  slide. 
If  this  slide  £:  is 
set  at  an  angle, 
as  shown,  the 
shoe  as  it  moves 
along,  causes  *  the 
tool-slide  and  tool 
to  move  in  or  out, 
but  if  the  slide  is 
set  parallel  to  the 
carriage  travel, 
the  tool-slide  re- 
mains stationary. 
Now  if  the  tool, 
as  it  feeds  length- 
wise of  the  work, 
is  also  gradually 
moved  crosswise, 
it  will  turn  a  ta- 
per, and  as  this 
crosswise  m  o  v  e- 
ment  is  caused  by 
the  angularity   of 

Pig.  9.    A  Lathe  Taper  Attachment  g,j^g     ^^     different 

tapers  are  obtained  by  setting  the  slide  to  different  positions.  By 
means  of  a  graduated  scale  at  G,  just  what  t^per  would  be  obtained 
for  any  angular  position  of  the  slide,  is  shown.  On  some  attachments 
there  are  two  sets  of  graduations,  one  giving  the  taper  in  inches  per 
foot  and  the  other  in  degrees.  While  tapers  are  ordinarily  given  in 
inches  per  foot  on  drawings,  sometimes  the  taper  is  given  in  degrees 
instead.  Fig.  11  shows  an  enlarged  view  of  the  scale  with  the  slide 
set  for  turning  a  taper  of  1  inch  per  foot.  The  attachment  is  set  for 
turning  tapers  by  adjusting  slide  8  until  pointer  p  is  opposite  the 
division  or  fractional  part  of  a  division  representing  the  taper.  The 
whole  divisions  on  the  scale  represent  taper' in  inches  per  foot,  and 
by  means  of  the  subdivisions,  the  slide  can  be  set  for  turning  frac- 
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tlonal  parts  of  an  inch  per  foot.  When  slide  8  is  properly  set,  It  Is 
clamped  to  arm  A  by  the  nuts  N,  Bar  E  is  also  clamped  to  the  tool- 
slide  by  bolt  H,  as  previously  stated.    The  attachment  is  disconnected 


Flff.  10.    S«otlonAl  Vtow  of  T»per  ▲ttaohment 

for  straight  turning  by  simply  loosening  clamp  C  and  the  bolt  H.    An 
example  of  taper  turning  with  the  attachment  is  given  in  Chapter  II. 

Heiirht  of  Tool  when  Turninir  Tapers 
The  cutting  edge  of  the  tool,  when  turning  tapers,  should  be  at  the 

same  height  as  the  center  or  axis  of  the  work,  whether  an  attachment 

is  used  or  not.  The  importance  of  this 
will  be  apparent  by  referring  to  Fig.  12, 
To  turn  the  taper  shown,  the  tool  T 
would  be  moved  back  a  distance  x  (as- 
suming that  an  attachment  is  used) 
while  traversing  the  length  I.  If  the 
tool  could  be  placed  as  high  as  point  a, 
for  the  sake  of  illustration,  the  setting 
of  the  attachment  remaining  as  before^ 
it  would  again  move  back  a  distance  x, 
while  moving  a  distance  {,  but  the  large 
end  would  be  undersized  (as  shown  ex- 
aggerated by  the  dotted  line)  if  the  di- 
ameters of  the  small  epds  were  the  same 
in  each  case.  Of  course,  if  the  tool  point 
were  only  slightly  above  or  below  the 
center,  the  resulting  error  would  also  be 
small.  The  tool  can  easily  be  set  central 
by  comparing  the  height  of  the  cutting 
edge  at  the  point  of  the  tool  with  one  of 

the  lathe  centers  before  placing  the  work  in  the  lathe. 

Taper  Tuminsr  with  the  Compound  Best 
The  amount  of  taper  that  can  be  turned  by  setting  over  the  tail- 
stock  center  and  by  the  taper  attachment,  is  limited,  as  the  centers 
can  only  be  offset  a  certain  distance,  and  the  slide  8  of  the  attach- 
ment cannot  be  swiveled  beyond  a  certain  position.  For'  steep  tapers, 
the  compound  rest  E  is  swiyeled  to  the  required  angle  and  used  as 
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indicated  in  Fig.  14,  which  shows  a  plan  view  of  a  rest  set  for  turn- 
ing the  valve  V.  This  compound  rest  is  an  upper  slide  mounted  on 
the  lower  or  main  cross-slide  D,  and  it  can  he  turned  to  any  angular 
position  so  that  the  tool,  which  ordinarily  is  moved  either  lengthwise 


Flff.  12.    Tool  Point  should  be  In  same  HorlBontal  Plan*  as 
Axis  of  Work  for  Taper  Taming 

or  crosswise  of  the  bed,  can  be  fed  at  an  angle.  The  base  oi  the 
compound  rest  is  graduated  in  degrees  and  the  position  of  these 
graduations  shows  to  what  angle  the  upper  slide  is  set.  Suppose  the 
seat  of  valve  V  is  to  be  turned  to  an  angle  of  45  degrees  with  the 
axis  or  center,  as  shown  on  the  drawing  at  A,  Fig.  13.  To  set  the 
compound  rest,  nuts  n  on  either  side,  which  hold  it  rigidly  to  the 
lower   slide,    are   first   loosened    and    the   slide   is    then    turned    until 


Flff.  13.    Bxample  of  Taper  Work  Turned  by  nslng  Oompound  Rest 

the  45  degree  graduation  is  exactly  opposite  the  zero  line;  the  slide 
is  then  tightened  in  this  position.  A  cut  is  next  taken  across  the 
valve  by  operating  handle  w  and  feeding  the  tool  in  the  direction  of 
the  arrow. 

In  this  particular  instance  the  compound  rest  is  set  to  the  same 
angle  given  on  the  drawing,  but  this  is  not  always  the  case.  If  the 
draftsman  had  given  the  included  angle  of  90  degrees,  as  shown 
at  B,  which  would  be  another  way  of  expressing  it,  the  setting  of  the 
compound  rest  would,  of  course,  be  the  same  as  before,  or  to  45 
degrees,   but   the   number   of   degrees   marked    on   the    drawing   does 
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not  correspond  with  the  angle  to  which  the  rest  must  be  set.  As 
another  illustration,  suppose  the  valve  were  to  be  turned  to  an  angle 
of  30  degrees  with  the  axis  as  shown  at  C.  In  this  case  the  compound 
rest  would  not  be  set  to  30  degrees  but  to  60  degrees,  because  in  order 
to  turn  the  work  to  an  angle  of  30  degrees,  the  rest  must  be  60  degrees 
from  its  zero  position,  as  shown.  From  this  it  will  be  seen  that  the 
number  of  degrees  marked  on  the  drawing  does  not  necessarily 
correspond  to  the  angle  to  which  the  rest  must  be  set,  as  the  gradu- 


Flff .  14.    Plan  View  ohowlxiff  method  of  Tnznlnflr  <^  Taper  with  the  Oomponnd  Beat 

ations  on  the  rest  show  the  number  of  degrees  that  it  is  moved 
from  its  zero  position,  which  corresponds  to  the  line  a — &.  The  angle 
to  which  the  compound  rest  should  be  set  can  be  found,  when  the 
drawing  Is  marked  as  at  A  or  C,  by  subtracting  the  angle  given 
from  90  degrees.  When  the  included  angle  is  given,  as  at  B, 
subtract  one-half  the  included  angle  from  90  degrees  to  obtain  the 
required  setting.  Of  course,  when  using  a  compcfand  rest,  the  lathe 
centers  are  set  in  line  as  for  straight  turning,  as  otherwise  the 
angle  will  be  incorrect.  The  compound  rest  can  also  be  used  for 
boring  taper  holes  by  setting  it  to  the  angle  that  would  give  the  right 
taper  and  then  feeding  the  boring  tool  by  hand,  as  when  turning. 
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CHAPTER  II 


EXAMPLES  OP  OYIilNDRICAL  AND  TAPER  TURNING, 
BORING  AND  THREAD  CUTTING 


A  practical  example  of  lathe  work  which  requires  both  straight  and 
and  taper  turning,  thread  cutting,  taper  boring,  reaming,  and  turning 
by  the  use  of  a  mandrel,  is  illustrated  In  Fig.  15,  which  represents  the 
drawing  of  an  engine  piston  and  rod.  The  various  steps  connected 
with  turning  these  two  parts  in  an  ordinary  engine  lathe  will  be 
explained. 

The  piston  is  usually  bored  and  reamed  before  the  rod  is  turned  so 
that  the  latter  can  afterward  be  fitted  to  it    The  first  turning  opera- 
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Flff.  16.   Dvawtnir  of  Snglae  Flatoti  aad  Bod 

tion  cohsists  In  boring  the  hole  into  which  the  rod  is  to  be  fitted; 
therefore,  the  casting  must  be  held  either  in  a  chuck  C,  as  in  Fig.  16, 
or  on  a  faceplate  if  too  large  for  the  chuck.  The  side  of  the  casting 
(after  it  has  been  "chucked")  should  run  true  and  also  the  circum- 
ference, unless  the  cored  hole  for  the  rod  is  considerably  out  of  center, 
in  which  case  the  work  should  be  shifted  to  divide  the  error.  The 
side  of  the  casting  for  a  short  space  around  the  hole  is  faced  true 
with  a  round  nose  turning  tool,  after  which  the  rough  cored  hole  is 
bored  with  an  ordinary  boring  tool  t,  and  then  it  is  finished  with  a 
reamer  to  exactly  the  right  size  and  taper.     If  the  lathe  has  a  taper 
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attachment,  the  hole  can  be  bored  to  the  right  taper,  by  setting  the 
attachment  to  the  taper  given  on  the  drawing,  which,  in  this  example, 
is  %  inch  per  foot.  This  is  done,  as  will  be  recalled,  by  loosening 
nuts  'N  and  turning  slide  S  until  pointer  P  is  opposite  the  %-inch 
division  on  the  scale;  the  attachment  is  then  ready,  after  bolt  H  and 
nuts  2^  are  tightened,  and  clamp  C  is  fastened  to  the  lathe  bed.  The 
hole  is  bored  just  as  though  it  were  straight,  and  as  the  carriage 
advances,   the   tool   is   gradually   moved    inward   by   the   attachment. 


Fiff .  10.    L*tb«  with  T»p«r  Attaohment  amuag^d  for  B<»tiiir  Taper  Hole 

If  the  lathe  is  without  an  attachment,  the  hole  must  be  bored  by 
using  the  compound  rest.  A  convenient  way  to  set  the  compound 
rest  to  the  required  angle  is  illustrated  in  Fig.  17.  A  bevel  protractor 
P  is  first  set  to  the  taper  of  the  reamer;  this  protractor  is  then  placed 
against  the  finished  spot  on  the  casting  as  shown  in  Fig.  17,  or  against 
the  faceplate,  if  the  casting  has  not  been  chucked,  and  the  compound 
rest  is  adjusted  to  the  same  angle  as  the  protractor  blade.  The  tool 
is  set  for  boring  by  adjusting  the  carriage  and  cross-slide  D,  and  it  is 
fed  by  hand  through  the  hole  by  compound  slide  E, 

The  hole  is  bored  slightly  under  the  finished  size,  and  then  a  reamer 
is  placed   In  the  hole.     The  outer  end  of  the  reamer,  which  should 
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have  a  deep  center  hole,  is  supported  by  the  tailstock  center.  The 
lathe  is  run  very  slow  for  reaming  and  the  reamer  is  fed  into  the  hole 
by  feeding  out  the  tailstock  spindle.  The  reamer  can  be  kept  from 
revolving  with  the  work,  either  by  attaching  a  heavy  dog  to  the 
end  or,  if  the  end  is  squared,  by  the  use  of  a  wrench.  A  common 
method  is  to  clamp  a  dog  to  the  reamer  shank,  and  then  place  the 
tool-rest  beneath  it  to  prevent  rotation.  If  the  shank  of  a  tool  is 
clamped  to  the  toolpost  so  that  the  dog  rests  against  it,  the  reamer 
will  be  prevented  from  slipping  off  the  center  as  it  tends  to  do;  with 
this  arrangement,  the  carriage  is  gradually  moved  along  as  the  tail- 
stock  spindle  is  fed  outward.  A  reamer  of  the  type  illustrated  at  B, 
Fig.  18,  is  fed  in  until  the  stop  collar  8  comes  against  the  finished 
side  of  the  casting.    By  having  this  stop,  the  holes  in  any  number  of 


Pig.  17.    setting  Oompo«nd  B*sl  to  R«qair*d  Angle  by  nataig  B«y«l 

pistons  can  be  reamed  to  the  same  size.    If  a  plain  reamer  A  were 
used,  the  hole  would  probably  be  tested  by  inserting  a  plug  gage. 

After  the  reaming  operation,  the  casting  is  removed  from  the  chuck 
and  a  taper  mandrel  is  driven  into  the  hole  for  turning  the  outside 
of  the  piston.  This  mandrel  should  run  true  on  its  centers,  as  other- 
wise the  outside  surface  of  the  piston  will  not  be  true  with  the  bored 
hole.  The  mandrel  M  and  the  casting  are  next  mounted  between  the 
lathe  centers  as  shown  in  Fig.-  19,  after  the  chuck  has  been  replaced 
with  a  faceplate.  The  driving  dog  D,  especially  for  large  work  of 
this  kind,  should  be  heavy  and  stiff,  because  light  flexible  clamps  or 
dogs  vibrate  and  frequently  cause  chattering.  For  such  heavy  work 
it  is  also  preferable  to  drive  at  two  points  on  opposite  sides  of  the 
faceplate,  but  the  driving  pins  must  be  carefully  adjusted  to  secure 
a  uniform  bearing  on  both  sides.  The  outside  of  the  piston  might  foe 
turned  either  to  the  diameter  given  on  the  drawing,  or  be  fitted  to 
the  cylinder  of  the  engine  for  which  the  piston  is  intended.  When 
turning  work  of  this  diameter,  it  must  revolve  quite  slowly  as  other- 
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wise  the  turning  tool  will  be  quickly  dulled,  and  it  is  for  such  large 
work  that  the  slow  speeds  obtained  by  driving  through  the  back-gears 
are  used.  Ordinarily  a  piston  casting  could  be  reduced  to  finished 
diameter  by  taking  one  roughing  and  one  light  finishing  cut,  though 


Flff.  18.    Plain  Reamer   BaamT  with  Stop  Sleeve 

this  would  depend,  of  course,  on  the  diameter  of  the  rough  casting. 

After  turning  the  outside,  grooves  for  the  packing  rings  are  laid 

out,  as  shown  at  a,  Fig.  20,  by  scribing  arcs  from  a  central  point  a, 

that  are  the  same  distance  apart  as  the  grooves.    The  dimensions  are 
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Fl0.  10.    Piston  Mounted  on  ICandrel,  In  Posltloii  Ibr  Tumlngr 

obtained  from  the  drawing,  and  the  lines  should  be  marked  by  light 
punch  marks  as  shown.  One  method  of  cutting  these  grooves  would 
be  to  use  a  square-nosed  tool  t  (similar  in  shape  to  a  parting  tool) 
for  turning  them  to  depth,  and  side  tools  for  finishing  the  sides. 
Grooves  that  are  quite  wide  would  be  formed  by  first  taking  a  cut 
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on  each  side  and  then  turning  away  the  central  part,  as  shown  at  B. 
The  grooves  should  then  be  finished  to  the  required  width  either  by 
using  right-  and  left-hand  side  tools,  or  a  "square  nose"  ground  to  the 
right  size.  The  width  cf  the  grooves  should  be  exactly  the  same, 
and  ordinarily  they  are  fitted  to  some  form  of  gage  g.  This  particu- 
lar style  is  double-ended,  the  upper  end  being  used  to  measure  the 
packing  rings  that  fit  into  the  grooves.  When  the  grooves  are  finished, 
the  outside  of  the  piston  is  filed  to  make  it  smooth. 

The  final  operation  is  to  finish  the  pocket  for  the  rod  nut,  which 
can  be  done  by  using  a  bent  square-nosed  tool  t^.  It  may  be  neces- 
sary to  grind  part  of  the  under  side  of  this  tool  away  to  provide 


Flff.  ao.    8aooesalT«  8t«x>8  in  Taming  Paoldng-rinff  Oroov«s 

clearance,   or   in  other   words,   to   make   a  kind   of  special   tool    that 
would  be  kept  for  this  particular  job. 

The  foregoing  method  of  machining  a  piston  is  one  that  would 
ordinarily  be  followed  when  using  a  standard  engine  lathe,  and  it 
would,  perhaps,  be  as  economical  as  any  if  only  one  piston  were  being 
made;  but  where  such  work  is  done  in  large  quantities,  time  could 
be  saved  by  proceeding  in  a  different  way.  For  example,  the  boring 
and  reaming  operation  could  be  performed  much  faster  in  a  turret 
lathe,  which  is  a  type  designed  for  just  such  work,  but  a  turret  lathe 
cannot  be  used  for  as  great  a  variety  of  work  as  a  lathe  of  the  regular 
type.  There  are  also  many  other  classes  of  work  that  can  be  turned 
more  quickly  in  special  types  of  machines,  but  as  more  or  less  time  is 
required  for  arranging  these  special  machines  and  often  special  tools 
have  to  be  made,  the  ordinary  lathe  is  frequently  indispensable  when 
only  a  few  parts  are  needed;  in  addition,  it  is  better  adapted  to  some 
turning  operations  than  any  other  machine. 
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Turning  the  Piston-rod 
The  stock  for  the  piston-rod  is  cut  off  to  the  right  length  (probably 
in  a  hacksaw  machine),  and  the  ends  are  centered.  The  work  is  then 
placed  between  the  lathe  centers  with  a  driving  dog  D  (Fig.  21) 
attached  to  the  faceplate  end,  and  the  tailstock  center,  after  being 
oiled,  is  adjusted  rather  snugly  but  not  tight  enough  to  prevent  a 
free  rotary  movement  of  the  work.  The  body  of  the  rod  is  first  rough 
turned  say  1/16  inch  above  the  finished  size,  the  cut  being  continued 
until  the  tool  is  near  the  driving  dog.  Light  punch  marks  a  and  & 
are  then  made  on  the  rod  to  mark  the  location  of  the  shoulders  or 
the  length  of  the  rod  body  which,  in  this  case,  is  24  inches.     The 


Fiff.  ai.    T»per  AttAOhm«nt  Sat  tor  Turning  T»p«r  Bnd  of  Rod 

marks  should  also  be  the  right  distance  from  the  ends.  The  right- 
hand  mark  is  laid  out  for  the  crosshead  end  which  is  to  be  fitted 
first.  The  taper  attachment  is  next  set  to  turn  a  taper  of  %  inch  per 
foot,  as  marked  on  the  drawing.  While  this  taper  corresponds  to  the 
taper  of  the  hole  in  the  piston,  slide  ;Sf  will  have  to  be  re-set  to  the 
%-inch  division  on  the  opposite  side  of  the  central  zero  mark  (see 
Fig.  11,  Chapter  I)  because  the  taper  of  the  hole  decreased  in  size 
during  the  boring  operation  whereas  the  rod  is  smallest  at  the  begin- 
ning of  the  cut,  so  that  the  tool  must  move  outward  rather  than 
inward  as  it  advances.  The  taper  part  is  turned  practically  the  same 
as  a  cylindrical  part;  that  is,  the  power  feed  is  used  and,  as  the  car- 
riage moves  along  the  bed,  the  tool  is  gradually  moved  outward  by 
the  taper  attachment.  If  the  rod  is  being  fitted  directly  to  the  cross- 
head,  as  is  usually  the  case,  the  approximate  size  of  the  taper  end 
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could  be  determined  by  calipering,  the  calipers  being  set  to  the  size 
of  the  hole  at  a  point  4  inches  (in  this  case)  from  the  shoulder  or 
face  side.  If  the  crosshead  was  bored  originally  to  fit  a  standard  plug- 
gage,  the  taper  on  the  rod  could  be  turned  with  reference  to  this 
gage,  but,  whatever  the  method,  the  taper  should  be  tested  before 
turning  too  close  to  the  finished  size.  The  test  is  made  by  removing 
the  rod  from  the  lathe  and  driving  it  tightly  into  the  crosshead.  This 
shows  how  near  the  taper  is  to  size,  and  when  the  rod  is  driven  out, 
the  bearing  marks  show  whether  the  taper  is  exactly  right  or  not. 
If  the  rod  could  be  driven  in  until  the  shoulder  is  say  %  inch  from  the 
crosshead  face,  it  would  then  be  near  enough  to  finish  to  size  by 
filing.  When  filing,  the  lathe  is  run  much  faster  than  for  turning, 
and  the  most  filing  should  be  done  where  the  bearing  marks  are  the 
heaviest,  to  distribute  the  bearing  throughout  the  length  of  the  taper. 
Care  should  be  taken  when  driving  the  rod  in  or  out,  to  protect  the 
center-holes  in  the  ends  by  using  a  "soft**  hammer  or  by  holding  a 
piece  of  soft  metal  against  the  driving  end. 

After  the  crosshead  end  is  finished,  the  rod  is  reversed  in  the  lathe 
for  turning  the  piston  end.     The  dog  D  is  clamped  to  the  finished 


Ftff^.  22.    Fliukl  Operations  on  Ptoton  Bod 


end,  preferably  over  a  piece  of  sheet  copper  to  prevent  the  surface 
from  being  marred,  and  the  end  is  then  rough  turned  as  at  A,  Fig.  22, 
diameter  d  being  made  slightly  greater  than  the  largest  diameter  of 
the  taper,  and  e  equal  to  the  diameter  of  the  thread.  The  attachment 
is  then  engaged  and  the  taper  part  turned  to  the  same  taper  as  the 
opposite  end,  as  called  for  on  the  drawing.  When  turning  this  end, 
either  the  piston  reamer  or  the  finished  hole  in  the  piston  can  be 
calipered.  The  size  and  angle  of  the  taper  are  tested  by  driving  the 
rod  into  the  piston,  and  the  end  should  be  fitted  so  that  by  driving 
tigphtly,  the  shoulder  will  just  come  up  against  the  finished  face  of  the 
piston.  When  the  taper  is  finished,  the  attachment  is  disengaged  and 
a  finishing  cut  is  taken  over  the  body  of  the  rod  with  a  sharp  tool 
and  rather  fine  feed  to  obtain  a  smooth  surface. 

The  next  and  final  turning  operation  is  that  of  threading  the  end 
as  at  B.  As  there  are  eight  threads  per  inch  (see  drawing,  Fig.  15) 
the  lathe  is  geared  for  cutting  that  number,  and  the  thread  is  cut  as 
explained  in  Part  I  of  this  treatise.  (See  Chapter  VIII,  Machinery's 
Reference  Book,  No.  91.)  The  final  operation  consists  in  filing  and 
polishing  the  body  of  the  rod,  the  file  being  used  first  to  take  off  the 
ridges  left  by  the  tool,  and  then  emery  cloth  to  polish  the  surface. 
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CHAPTER  III 


OUTTINQ  SPEEDS  AND  FEEDS 


In  all  turning  operations  there  are  two  very  important  questions 
that  must  be  considered:  One  has  to  do  with  the  cutting  speed  that 
is  used,  and  the  other  relates  to  the  feed  of  the  tool  and  depth  of 
the  cut.  The  cutting  speed  is  the  number  of  feet  per  minute  that  the 
tool  point  passes  over,  or  practically  speaking,  it  is  equivalent  to 
the  length  of  a  chip  which  would  be  turned  in  one  minute.  The  term 
cutting  speed  should  not  be  confused  with  revolutions  per  minute, 
because  the  cutting  speed  depends  not  only  on  the  speed  of  the  work 
but  also  on  its  diameter.  The  feed  of  a  tool  is  the  amount  it  moves 
across  the  surface  of  the  work  for  each  revolution;  that  is,  when  turn- 

TABLB  OF  CUTTINO  SPEEDS   FOR  TURNINQ   STEEL 


Cnttinff  Speed  in  Feet  per  Mloute  for  a  Tool 

Depth  of 

which  is  to  last  1  Hour  and  80  Minutes 

Cut  in 

Feed  in 

before  Reffrindintr 

Inches 

Inches 

Soft  Steel 

Medium  Steel 

Hard  Steel 

A 

476 

288.0 

108.0 

A 

A 

826 

162.0 

78.8 

S 

222 

111.0 

50.4 

R 

177 

88.4 

40.2 

1^ 

B52 

176.0 

80.0 

240 

120.0 

54.5 

iV 

164 

82.0 

87.8 

A 

181 

65.5 

29.8 

i 

112 

56.0 

25.5 

^ 

264 

182.0 

60.0 

1 

A 

180 

90.2 

41.0 

A 

122 

61.1 

27.8 

ing  a  cylindrical  piece,  the  feed  is  the  amount  that  the  tool  moves 
sidewise  for  each  revolution  of  the  work.  Evidently  the  time  required 
for  turning  is  governed  largely  by  the  cutting  speed,  the  feed,  and 
the  depth  of  the  cut;  therefore,  these  elements  should  be  carefully 
considered.  It  is  impossible  to  give  any  definite  rule  for  determining 
either  the  speed,  feed,  or  depth  of  cut,  because  these  must  be  varied 
to  suit  existing  conditions.  We  shall,  however,  point  out  some  of 
the  underlying  principles  which  must  be  considered  in  determining 
the  proper  speed  and  feed. 

The  cutting  speed  is  governed  principally  by  the  hardness  of  the 
metal  to  be  turned;  the  Kind  of  steel  of  which  the  turning  tool  is 
made;  the  shape  of  the  tool  and  its  heat  treatment;  the  feed  and 
depth  of  cut;  the  power  of  the  lathe  and  also  its  construction.  It  is 
the  durability  of  the  turning  tool  or  the  length  of  time  that  it  will 
turn  effectively  without  grinding,  that  limits  the  cutting  speed;   and 
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the  hardness  of  the  metal  being  turned  combined  with  the  quality  of 
the  tool,  are  the  two  factors  which  largely  govern  the  time  that  a 
tool  can  be  used  before  grinding  is  necessary.  The  cutting  speed  for 
very  soft  steel  or  cast  iron  can  be  three  or  four  times  faster  than 
the  speed  for  hard  steel  or  hard  castings,  but  whether  the  material 
is  hard  or  soft,  the  kind  of  tool  to  use  must  also  be  considered  as 
the  speed  for  a  tool  made  of  ordinary  carbon  steel  will  have  to  be 
much  slower  than  for  a  tool  made  of  modern  "high-speed"  steel. 

When  the  cutting  speed  is  too  high,  even  though  high-speed  steel 
is  used,  the  point  of  the  tool  is  softened  to  8u6h  an  extent  by  the 
heat  resulting  from  the  pressure  and  friction  of  the  chip,  that  the 
cutting  edge  is  ruined  in  too  short  a  time.  On  the  other  hand,  when 
the  speed  is  too  slow,  the  heat  generated  is  so  slight  as  to  have  little 

TABLE  OP  OUTTINO  BPBBDS  FOR  TUBNINO  OAST  IRON 


Depth  of 
Cut  in 
Inchst 

Feed  In 
Inchee 

Cutting  Spaed  in  Feet  per  Minute  for  a  Tool 

which  it  to  iMt  1  Hour  and  80  Minutes 

before  Reffrindin^ 

Soft 
Cast  Iron 

Medium 
Cast  Iron 

• 

Hard 
Cast  Iron 

A 

A 

169.0 

122.0 

86.4 

70.1 

84.6 
61.2 
48.2 
85.1 

49.4 
85.7 
25.2 
20.5 

A 

A 

187.0 
99.4 
70.1 
56.8 

6d.6 
49.7 
35.0 
28.4 

40.1 
29.0 
20.5 
16.6 

i 

A 

111.0 
80.0 
56.4 
45.8 

55.4 
40.0 
28.2 
22.9 

82.8 
28.4 
16.5 
18.4 

effect  and  the  tool  point  is  dulled  by  being  slowly  worn  or  ground 
away  by  the  action  of  the  chip.  A  tool  operating  at  such  a  low  speed 
can,  of  course,  be  used  a  comparatively  long  time  without  re-sharpen- 
ing, but  this  is  more  than  ofTset  by  the  fact  that  too  much  time  is 
required  for  removing  a  given  amount  of  metal  when  the  work  is 
revolving  so  slowly.  Generally  speaking,  the  speed  should  be  such 
that  a  fair  amount  of  work  can  be  done  before  the  tool  requires  re- 
grinding.  Evidently  it  would  not  pay  to  grind  a  tool  every  few  min- 
utes in  order  to  maintain  a  high  cutting  speed;  neither  would  it  be 
economical  to  use  a  very  slow  speed  and  waste  considerable  time  in 
turning,  just  to  save  the  few  minutes  required  for  grinding.  For 
example,  if  a  number  of  roughing  cuts  had  to  be  taken  over  a  heavy 
rod  or  shaft,  time  might  be  saved  by  running  at  such  a  speed  that 
the  tool  would  have  to  be  sharpened  (or  be  replaced  by  a  tool  previ- 
ously sharpened)  when  it  had  traversed  half-way  across  the  work; 
that  is,  the  time  required  for  sharpening  or  changing  the  tool  would 
be  short  as  compared  with  the  gain  eftected  by  the  high  work  speed. 
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On  khe  other  hand,  it  might  be  more  economical  to  run  a  little  slower 
and  take  a  continuous  cut  across  the  work  with  one  tool. 

Sometimes  the  work  speed  cannot  be  as  high  as  the  tool  will  permit, 
because  of  the  chattering  that  often  results  when  the  lathe  is  old 
and  not  massive  enough  to  absorb  the  vibrations,  or  wlien  there  is 
unnecessary  play  in  the  working  parts.  The  shape  of  the  tool  used 
also  effects  the  work  speed,  and  as  there  are  so  many  things  to  be 
considered,  the  proper  cutting  speed  is  best  determined  by  experi- 
ment. The  two  accompanying  tables,  giving  cutting  speeds  for  hard, 
medium,  and  soft  steel  and  cast  iron  will  be  found  useful,  in  a  gen- 
eral way,  in  determining  the  most  economical  speed.  These  tables 
represent  a  few  of  the  experiments  conducted  by  Mr.  Fred  W.  Taylor, 
and  the  figures  given  are  based  on  the  use  of  a  tool  correctly  ground 
and  made  of  a  good  grade  of  high-speed  steel,  properly  heat  treated. 

It  will  be  noted  that  the  cutting  speed  is  much  slower  for  cast 
iron  than  for  steel,  and  also  that  the  feed  and  depth  of  cut  have  a 
very  decided  effect  on  the  speed.  Cast  iron  is  cut  with  less  pressure 
or  resistance  than  soft  oteel,  but  the  slower  speed  for  cast  iron  is 
probably  because  the  pressure  of  the  chip  is  concentrated  closer  to 
the  cutting  edge,  combined  with  the  fact  that  cast  iron  wears  the  tool 
faster  than  steel,  the  wear  occurring  close  to  the  cutting  edge. 

The  number  of  revolutions  required  to  give  any  desired  cutting 
speed  can  be  found  by  multiplying  the  cutting  speed,  in  feet  per 
minute,  by  12  and  dividing  the  product  bf  the  circumference  of  the 
work  in  inches.    Expressing  this  as  a  formula  we  have 

CX12 

R  = 

ltd 
in  which 
i?  =  revolutions  per  minute; 
C  =  the  cutting  speed  in  feet  per  minute; 
»  =  3.1416;   and 
<l  =  the  diameter  in  inches. 

For  example  if  a  cutting  speed  of  60  feet  per  minute  is  wanted  and 
the  diameter  of  the  work  is  5  inches,  the  required  speed  for  the  work 
would  be  found  as  follows: 

60  X  12 

ie  = =  46  revolutions  per  minute. 

3.1416  X  5 

If  the  diameter  is  simply  multiplied  by  3  and  the  fractional  part  is 
omitted,  the  calculation  can  easily  be  made,  and  the  result  will  be 
close  enough  for  practical  purposes.  In  case  the  cutting  speed,  for 
a  given  number  of  revolutions  and  diameter,  is  wanted,  the  following 
formula  can  be  used: 

R  ltd 

C  = 

12 

Of  course,  machinists  that  operate  lathes  do  not  know,  ordinarily, 
what  cutting  speeds  in  feet  per  minute  are  used  for  different  classes 
of  work,  but  are  guided  entirely  by  past  experience. 

The  amount  of  feed  and  depth  of  cut  also  vary,  like  the  cutting 
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speed,  with  different  conditions.  Ordinarily  coarser  feeds  and  a 
greater  depth  of  cut  can  be  used  for  cast  Iron  than  for  soft  steel 
because  cast  iron  offers  less  resistance  to  turning,  but  in  any  case, 
with  a  given  depth  of  cut,  metal  can  be  removed  more  quickly  by 
using  a  coarse  feed  and  the  necessary  slower  speed,  than  by  using 
a  fine  feed  and  the  accompanying  higher  speed.  When  the  turning 
operation  is  simply  to  remove  metal,  coarse  feeds  and  deep  cuts  are 
taken,  but  sometimes  the  cut  must  be  comparatively  light,  either 
because  the  work  is  too  fragile  and  springy  to  withstand  the  strain 
of  a  heavy  cut,  or  the  lathe  has  not  sufficient  pulling  power.  The 
difficulty  with  light  slender  work  is  that  a  heavy  cut  may  cause  the 
part  being  turned  to  bend  under  the  strain,  thus  causing  the  tool  to 
gouge  in  which  would  probably  result  in  spoiling  the  work.     Steady- 


Fig.  S8.   Boagbhig  Oat— lifflit  Plnirtifng  Out  and  Ooftrse  Vsed 


rests  can  often  be  used  to  prevent  flexible  parts  from  springing,  but 
there  are  many  kinds  of  light  work  to  which  the  steadyrest  cannot  be 
applied  to  advantage. 

The  amount  of  feed  to  use  for  a  finishing  cut  might,  properly,  be 
either  fine  or  coarse.  Ordinarily  fine  feeds  are  used  for  finishing 
steel,  especially  if  the  work  is  at  all  flexible,  but  a  finishing  cut  in 
cast  iron  is  often  accompanied  by  a  coarse  feed.  Fig.  23  illustrates 
the  feeds  that  are  often  used  when  turning  cast  iron.  The  view  to 
the  left  shows  a  deep  roughing  cut  and  the  one  to  the  right,  a  finish- 
ing cut.  By  using  a  broad  fiat  cutting  edge  set  parallel  to  the  tool's 
travel,  and  a  coarse  feed  for  finishing,  a  smooth  cut  can  be  taken  in 
a  comparatively  short  time.  Some  castings  which  are  close  to  the 
finished  size  in  the  rough,  can  be  finished  by  taking  one  cut  with  a 
broad  tool,  provided  the  work  is  sufficiently  rigid.  It  is  not  always 
practicable  to  use  these  broad  tools  and  ccarse  feeds,  as  they  some- 
times cause  chattering,  and  when  'used  on  steel,  a  broad  tool  Lends 
to  gouge  or  "dig  in"  unless  the  part  being  turned  is  rigid.  Heavy 
steel  parts,  however,  are  sometimes  finished  in  this  way.  Much  of 
the  work  that  is  turned,  at  the  present  time,  is  afterwards  finished 
in  a  grinding  machine  so  that  often  it  is  not  necessary  to  take  a 
finishing  cut  to  secure  a  smooth  surface. 
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THREADS  OP  DIFFERENT  FORM  AND  METHODS 
OF  OTJTTINQ 

Three  forms  of  threads  which  are  very  common  in  this  country  are 
shown  in  Fig.  24 ;  these  are  the  V-thread  A,  the  U.  S.  standard  J?,  and 
the  square  thread  C  The  shapes  of  these  threads  are  shown  by  the 
sectioned  parts.  The  V-thread  has  straight  sides  which  make  an 
angle  of  60  degrees  with  each  other  and  a  like  angle  with  the  axis 
of  the  screw.  The  U.  S.  standard  thread  is  similar  to  the  V-thread 
except  that  the  top  of  the  thread  and  bottom  of  the  groove  is  left 
flat,  as  shown,  and  the  width  of  these  flats  Is  made  equal  to  %^of  the 
pitch.  The  square  thread  is  square  in  section,  the  width  a,  depth  ft 
and  space  c  being  all  equal.  All  of  these  threads  are  right-hand,  which 
means  that  the  grooves  wind  around  to  the  right  so  that  a  nut  will 
have  to  be  turned  toward  the  right  to  enter  it  on  the  thread.  A  left- 
hand  thread  winds  in  the  other  direction,  as  shown  at  D,  and  a  nut 
is  screwed  on  by  turning  it  to  the  left.  Threads,  in  addition  to  being 
Tight-  and  left-handed,  are  single,  as  at  A,  B,  C7,  and  D,  double,  as  at 
E,  and  triple,  as  at  F,  and  for  certain  purposes  quadruple  threads  are 
employed.  A  double  thread  is  different  from  a  single  thread  in  that 
it  has  two  grooves,  starting  diametrically  opposite,  whereas  a  triple 
thread  has  three  grooves  cut  as  shown  at  F.  The  object  in  having 
these  multiple  threads  is  to  obtain  an  increase  In  lead  without  weak- 
ening the  screw.  For  example,  the  threads  shown  at  C  and  E,  have 
the  same  pitch,  but  the  lead  of  the  double- threaded  screw  is  twice 
that  of  the  one  with  a  single  thread  so  that  a  nut  would  advance 
twice  as  far  in  one  revolution,  which  is  often  a  very  desirable  feature. 
To  obtain  the  same  lead  with  a  single  thread,  the  pitch  would  have 
to  be  double,  thus  giving  a  much  coarser  thread,  which  wottUI  weaken 
the  screw,  unless  its  diameter  were  increased.  (The  lead  is  the  dis- 
tance I  that  one  thread  advances  in  a  single  turn,  or  the  distance 
that  a  nut  would  advance  in  one  turn,  and  it  should  not  be  confused 
with  the  pitch  p,  which  is  the  distance  between  the  centers  of  adjacent 
threads.    The  lead  and  pitch  of  a  single  thread  are  the  same.)* 

CuttinfiT  a  U.  S.  Standard  Thread 
A  U.  S.  standard  thread  is  cut  in  the  same  way  described  for  a 
V-thread,  in  Chapter  VIII,  Machineby's  Reference  Series  No.  91,  but 
as  it  has  a  different  form,  a  tool  of  corresponding  shape  is  used.  This 
tool  is  first  ground  to  an  angle  of  60  degrees,  as  it  would  be  for  cutting 
a  V-thread,  and  then  the  point  is  made  flat  as  shown  in  Fig.  25.  As 
the  width  of  this  flat  is  equal  to  %  of  the  pitch,  it  varies,  of  course, 
for  different  pitches.  By  using  a  gage  like  the  one  shown  at  G,  the 
tool  can  easily  be  ground  for  any  pitch,  as  the  notches  around  the 


*SeealBO  Machinbby's  Reference  Book  No.  81:  ^'Screw  Thread  Tools  and  Gases." 
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periphery  of  the  gage  are  marked  for  different  pitches  and  the  tool- 
point  is  fitted  into  the  notch  corresponcling  to  the  pitch  wanted. 

When  the  cutting  the  thread,  the  tool  is  set  square  with  the  blank, 
and  a  number  of  successive  cuts  are  taken,  the  tool  being  fed  In 
until  the  width  w  of  the  flat  at  the  top  of  the  thread  is  equal  to  the 
width  at  the  bottom.  The  thread  will  then  be  the  right  size  provided 
the  outside  diameter  D  is  correct.    As  it  would  be  diflBxiult  to  measure 


^-ofj*. 


JTocAlnry 


Flff.  24.    (A)  V.«hre»d.   (B)  U.  8.  Standard  Thread.    (O)  Square  Thread.    (D)  Left-hand 
Thread.    (B)  Double  Square  Thread.    (F)  Triple  Square  Thread 

the  width  of  this  flat  accurately,  the  thread  can  be  tested  by  screw- 
ing  a  standard  nut  over  it  if  a  standard  thread  is  being  cut.  If  it  is 
being  fltted  to  a  tapped  hole,  the  tap  itself  is  a  very  convenient  gage 
to  use,  the  method  being  to  caliper  the  tap  and  then  compare  its 
size  with  the  work.  Calipers  or  micrometers,  such  as  illustrated  in  Fig. 
60  (Part  I),  can  be  used. 

A  good  method  of  cutting  a  U.  S.  standard  thread  to  a  given  size 
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is  as  follows:  First  turn  the  outside  of  the  blank  accurately  to  diam- 
eter D,  and  then  turn  a  small  part  on  the  end  to  diameter  r  of  the 
thread  at  the  root.  The  finishing  cut  for  the  thread  is  then  taken 
with  the  tool  point  set  to  just  graze  diameter  r.  If  ordinary  calipers 
were  set  to  diameter  r  and  measurements  taken  in  the  thread  groove, 
the  size  might  be  incorrect  owing  to  the  angularity  of  the  groove, 
which  makes  it  necessary  to  hold  the  calipers  at  an  angle  when  meas- 


Flff.  20.   n.  8.  Btanaard  Thread,  ThtmmA  Tool,  and  Go^o 

uring.    A  table,  giving  root  diameters  for  various  pitches,  is  conveni- 
ent to  have,  but  this  diameter  can  be  found  by  the  following  formula: 


— )= 


in  which  D  equals  outside  diameter,  2f  the  number  of  threads  per 
inch,  and  r  the  root  diameter.  The  number  1.299  is  a  constant  that 
2S  always  used. 

Cuttlnsr  a  Left-hand  Thread 

The  only  difference  between  cutting  left-handed  and  right-handed 
threads  In  the  lathe,  is  in  the  movement  of  the  tool  with  relation  to 
the  work.  When  cutting  a  right-hand  thread,  the  tool  moves  from 
right  to  left,  but  this  movement  is  reversed  for  left-hand  threads 
because  the  thread  winds  around  in  the  opposite  direction.  To  make 
the  carriage  travel  from  left  to  right,  the  lead-screw  is  rotated  back- 
wards by  means  of  reversing  gears  o  and  &  (Fig.  26)  located  in  the 
headstock.  Either  of  these  gears  can  be  engaged  with  the  spindle 
gear  by  changing  the  position  of  lever  R.  When  gear  o  is  in 
engagement,  as  shown,  the  drive  from  the  spindle  to  gear  c  is  through 
gears  a  and  h,  but  when  lever  R  is  raised  thus  shifting  b  into  mesh. 
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the  drive  is  direct  and    the   direction   of   rotation   is   reversed.      The 
thread  is  cut  hy  starting  the  tool  at  a,  Fig.  24,  instead  of  at  the  end. 

CuttinfiT  a  Square  Thread 
The  form  of  tool  used  for  cutting  a  square  thread  is  shown  in 
Fig.  27.  The  width  w  is  made  equal  to  one-half  the  pitch  of  the  thread 
to  be  cut  and  the  end  E  is  at  an  angle  with  the  shank,  which  corre- 
sponds to  the  inclination  x-y  of  the  threads.  This  angle  A  depends  on 
the  diameter  of  the  screw  and  the  lead  of  the  thread;  it  can  be 
determined  graphically  by  laying  off  a  line  a-t  equal  to  the  circumfer- 
ence of  the  screw  to  be  cut,  and  a  line  h-c,  at  right  angles,  equal  to 
the    lead    of    the    thread.      The    angle    a    betweeh    lines    a-h    and 
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FIff.  26.    Bnd  View  of  lAtha  Headstook 

a-c  will  be  the  required  angle  A,  It  is  not  necessary  to  have  this 
angle  accurate,  ordinarily,  as  it  is  simply  to  prevent  the  tool  from 
binding  against  the  sides  of  the  thread.  The  end  of  a  square  thread 
tool  is  shown  in  section  to  the  right  to  illustrate  its  position  with 
relation  to  the  threads.  The  sides  e  and  e^  are  ground  to  slope 
inward,  as  shown,  to  provide  additional  clearance. 

When  cutting  multiple  threads,  which,  owing  to  their  increased  lead, 
incline  considerably  with  the  axis  of  the  screw,  the  angles  for  each 
side  of  the  tool  can  be  determined  independently  as  follows:  Lay 
off  a-&  equal  to  the  circumference  of  the  thread,  as  before,  to  obtain 
the  required  angle  /  of  the  rear  or  following  side  61/  the  angle  I 
of  the  opposite  or  leading  side  is  found  by  making  o-l»  equal  to  the 
circumference  at  the  root  of  the  thread.  The  tool  illustrated  is 
for  cutting  right-hand   threads;    if  it   were   intended   for  a   left-hand 
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thread,  the  end,  of  course,  would  incline   in   the  opposite  direction. 
The  square  thread  is  cut  so  that  the  depth  d  is  equal  to  the  width. 

Outtinsr  Multiple  Threads 

When  a  multiple  thread  is  to  be  cut,  as  a  double  or  triple  thread, 
the  lathe  is  geared  with  reference  to  the  number  of  single  threads  to 
the  inch.  For  example,  the  lead  of  the  double  thread,  shown  at  B, 
Fig.  28,  is  one-half  inch,  or  twice  the  pitch,  and  the  number  of  single 
threads  to  the  inch  equals  1  h-  %  =  2. 

Therefore,  the  lathe  is  geared  for  cutting  two  threads  per  inch. 
The  first  cut  is  taken  Just  as  though  a  single  thread  were  being  cut, 
leaving  the  work  as  shown  at  A.  When  this  cut  is  finished  the  work 
is  turned  one-half  a  revolution  (for  a  double  thread)  without  dis- 
turbing the  position  of  the  lead-screw  or  carriage,  which  brings  the 
tool  midway  between  the  grooves  of  the  single  thread  as  indicated  by 


FIff.  27.    BiMl  of  Skiaare  Thre»d  Tool,  and  Otmpliio  Itothod  of 
Datermlntng  Hallx  Angle  of  Thread 

dotted  lines.  The  second  groove  is  then  cut,  producing  a  double 
thread  as  shown  at  B.  In  the  case  of  a  triple  thread,  the  work  would 
be  indexed  one-third  of  a  revolution  after  turning  the  first  groove, 
and  then  another  third  revolution  to  locate  the  tool  for  cutting  the 
last  groove.  Similarly,  for  a  quadruple  thread,  it  would  be  turned 
one-quarter  revolution  after  cutting  each  successive  groove  or  thread. 
There  are  different  methods  of  indexing  work  when  cutting  multiple 
threads.  Some  machinists,  when  cutting  a  double  thread,  simply 
remove  the  work  from  the  lathe  and  turn  It  one-half  a  revolution 
by  placing  the  tail  of  the  driving  dog  in  the  opposite  slot  of  the 
faceplate.  This  is  a  very  simple  method,  but  if  the  slots  are  not 
directly,  opposite  or  180  degrees  apart,  the  last  thread  will  not  be 
central  with  the  first.  Another  and  better  method  is  to  disengage  the 
idler  gear  from  the  gear  on  the  stud,  turn  the  spindle  and  work 
one-half,  or  one-third,  of  a  revolution,  as  the  case  might  be,  and  then 
connect  the  gears.  For  example,  if  the  stud  gear  had  96  teeth,  the 
tooth   meshing   with    the    idler   gear   would   be    marked   with    chalk. 
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the  gears,  disengaged,  and  the  spindle  turned  until  the  chalked  tooth 
had  made  the  required  part  of  a  revolution,  which  could  be  determined 
by  counting  the  teeth.  When  this  method  is  used,  the  number  of  teeth 
in  the  stud  gear  must  be  evenly  divisible  by  two  if  a  double  thread 
is  being  cut,  or  by  three  for  a  triple  thread.  If  the  stud  Is  not  geared  to 
the  spindle  so  that  each  makes  the  same  number  of  revolutions,  the  ratio 
of  the  gearing  must  be  considered. 

Special  faceplates  are  sometimes  used  for  multiple  thread  cutting, 
that  enable  work  to  be  easily  and  accurately  indexed.  One  of  these 
is  illustrated  in  Fig.  29,  and  consists  of  two  parts  A  and  B,  part  A 
being  free  to  rotate  in  relation  to  B  when  bolts  C  are  loosened.  The 
driving   pin   for   the   lathe   dog   is   attached   to   plate   A.     When   one 
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groove  of  a  multiple  thread  is  finished,  bolts  C  are  loosened  and  plate 
A  is  turned  around  an  amount  corresponding  to  the  type  of  thread 
being  cut.  The  periphery  of  plate  A  is  graduated  in  degrees,  as 
shown,  and  for  a  double  thread  it  will  be  turned  one-half  revolution 
or  180  degrees,  for  a  triple  thread  120  degrees,  etc.  This  is  a  very 
good  arrangement  where  multiple  thread  cutting  is  done  frequently. 

Taper  Threadlnsr 
When  a  taper  thread  is  to  be  cut,  the  tool  should  be  set  square 
with  axis  a — a  as  at  A,  Fig.  30,  and  not  by  the  tapering  surface  as 
at  B.  If  there  is  a  cylindrical  part,  the  tool  can  be  set  as  indicated 
by  the  dotted  lines.  All  taper  threads  should  be  cut  by  the  use 
of  taper  attachments.  If  the  tailstock  is  set  over  to  get  the  required 
taper,  the  curve  of  the  thread  will  not  be  true,  or  in  other  words  the 
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thread  will  not  advance  at  a   uniform   rate;    this   Is   referred   to   by 
machinists  as  a  "drunken  thread." 

Internal  Threadlnsr 

Internal   threading,   or   cutting   threads   in   holes,    id   an   operation 

performed  on  work  held  in  the  chuck  or  on  a  faceplate,  as  for  boring. 

The  tool  used  is  similar  to  a  boring  tool  except  that  the  working  end 

is  shaped  to  conform  to  the  thread  to  be  cut.    An  internal  threading 
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tool  for  cutting  a  V-thread  is  shown  in  Fig.  31.  The  method  of  pro- 
cedure, when  cutting  an  internal  thread,  is  similar  to  that  for  outside 
work,  as  far  as  handling  the  lathe  is  concerned.  The  hole  to  be 
threaded  is  first  bored  to  the  root  diameter  of  the  thread  that  is 
to  fit  into  it.  ^The  tool-point  Is  then  set  square  by  holding  a  gage  G 
against  the  true  side  of  the  work  and  adjusting  the  point  to  fit  the 
notch  in  the  gage  as  shown.    Very  often^  the  size  of  a  threaded  hole 
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can  be  tested  by  using  as  a  gage  the  threaded  part  that  Is  to  fit 
into  it.  When  making  such  a  test,  the  tool  is,  of  course,  moved  back 
out  of  the  way.  It  is  rather  difficult  to  cut  an  accurate  thread  in  a 
small  hole,  especially  when  quite  deep,  owing  to  the  flexibility  of  the 
tool;  for  this  reason  threads  are  sometimes  cut  slightly  under  size 
with  the  tool,  after  which  a  tap  with  its  shank  end  held  straight  by 
the  tailstock  center,  is  run  through  the  hole.     In  such  a  case,  the  tap 
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tool  to  give  the  tap  a  light  cut.  Small  square-threaded  holes  are 
often  finished  in  this  way,  and  if  a  number  of  pieces  are  to  be  threaded, 
the  use  of  a  tap  makes  the  holes  uniform  in  size. 

Stop  for  Thread  Tools 

When  cutting  a  thread,  It  is  rather  difficult  to  feed  in  the  tool  just 
the  right  amount  for  each  successive  cut,  because  the  tool  is  moved 
in  before  it  feeds  up  to  the  work.  A  stop  is  sometimes  used  for 
threading  which  overcomes  this  difficulty.  This  stop  consists  of  a  screw 
which  enters  the  tool  slide  and  passes  through  a  block  clamped  in 
front  of  the  slide.  The  hole  in  the  block  through  which  the  stop-screw 
passes  is  not  threaded,  but  is  large  enough  to  permit  the  screw  to  move 
freely.    When  cutting  a  thread,  the  tool  is  set  for  the  first  cut  and  the 
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screw  is  adjusted  until  the  head  i«  against  the  fixed  block.  After  taking 
the  first  cut,  the  stop-screw  is  backed  out,  say  one-half  revolution,  which 
allows  the  tool  to  be  fed  in  far  enough  for  a  second  cut.  If  this  cut  is 
about  right  for  depth,  the  screw  is  again  turned  about  one-half  revolu- 
tion and  this  is  continued  for  each  successive  cut  until  the  thread  is 
finished.  By  using  a  stop  of  this  kind,  there  is  no  danger  of  feeding 
the  tool  in  too  far  as  is  often  done  when  the  tool  is  set  by  guess.  If 
this  form  of  stop  is  used  for  internal  threading,  the  screw,  instead 
of  passing  through  the  fixed  block,  is  placed  in  the  slide  so  that  the 
end  or  head  will  come  against  the  stop.  This  change  is  made  because 
the  tool  is  fed  outward  when  cutting  an  internal  thread. 

Bivett-Dock  Threading"  Tool 
A  special  form  of  thread  tool,  which  overcomes  a  number  of  disad- 
vantages common   to   an   ordinary   single-point  thread   tool,    is   shown 
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in  Fig.  32.  This  tool  has  a  circular-shaped  cutter  C,  having  ten  teeth 
around  its  circumference,  which,  beginning  with  tooth  No.  1,  gradually 
increase  in  height,  cutter  No.  2  being  higher  than  No.  1,  etc.  This 
cutter  is  mounted  on  a  slide  8,  that  is  fitted  to  the  frame  F,  and  can 
be  moved  in  or  out  by  lever  L.  The  hub  of  this  lever  has  an  eccentric 
stud  which  moves  slide  8  and  locks  it  when  in  the  forward  or  cutting 
position.  The  action  of  the  lever  in  moving  the  slide,  engages  the 
cutter  with  pawl  P,  thus  rotating  the  cutter  one  tooth  at  a  time  and 
presenting  a  different  tooth  to  the  work  for  each  movement  of  the 
lever.  When  the  slide  is  moved  forward,  the  heel  or  underside  of  the 
tooth  which  is  in  the  working  position,  rests  on  a  stop  that  takes 
the  thrust  of  the  cut.  When  the  tool  is  in  use,  it  is  mounted  on  the 
tool-block  of  the  lathe  as  shown  in  the  illustration.     The  cutter  is 
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set  for  height  by  placing  a  tooth  in  the  working  position  and  setting 
the  top  level  with  the  lathe  center.  The  cutter  is  also  set  square 
with  the  work  by  using  an  ordinary  square,  and  it  is 
tilted  slightly  from  the  vertical  to  correspond  with  the  angle 
of  the  thread  to  be  cut,  by  adjusting  frame  F.  At  first  a  light  cut 
is  taken  with  lever  L  moved  forward  and  tooth  No.  1  on  the  stop. 
After  this  is  completed,  the  lever  is  reversed  which  rotates  the  cutter 
one  tooth,  and  the  return  movement  places  tooth  No.  2  in  the  working 
position.  This  operation  is  repeated  until  the  tenth  tooth  finishes  the 
thread.  It  is  often  necessary,  when  using  a  single-point  thread  tool, 
to  reH»harpen  it  before  taking  the  finishing  cut,  but  with  a  circular 
tool  this  is  not  necessary  for  by  using  the  different  teeth  successively, 
the  last  tooth,  which  only  takes  finishing  cuts,  is  kept  in  good  condi- 
tion. This  tool  has  a  micrometer  adjustment  which  enables  threads 
to  be  cut  to  the  same  size  without  the  use  of  a  gage. 
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TOOL  QRINDINQ 

.  In  the  grinding  of  lathe  tools,  there  are  three  things  of  importance 
to  be  considered:  First,  the  cutting  edge  of  the  tool  (as  viewed  from 
the  top)  needs  to  be  given  a  certain  shape;  second,  there  must  be  a 
sufficient  amount  of  clearance;  and  third,  tools,  with  certain  excep- 
tions, are  ground  with  a  backward  slope  or  a  side  slope,  or  with  a 
combination  of  these  two  slopes  on  that  part  against  which  the  chip 
bears  when  the  tool  is  in  use. 

Meanlnsr  of  Terms  Used  In  Tool  Orindinsr 
In  Fig.   33  a  few  of  the  different  types  of  tools   which  are   used 
In   connection   with   lathe   work   are   shown.     This   illustration    also 
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as  applied  to  Tools  of  Different  Types 

indicates  the  meaning  of  the  various  terms  used  in  tool  grinding. 
As  shown,  the  clearance  of  the  tool  is  represented  by  the  angle  o,  the 
back  slope  is  represented  by  the  angle  /S,  and  the  side  slope  by  the 
angle  7.  The  angle  d  for  a  tool  without  side  slope,  is  known  as  the 
lip  angle  cr  the  angle  of  keenness.  When,  however,  the  tool  has  both 
back  and  side  slopes,  this  lip  angle  would  more  properly  be  the 
angle  between  the  flank  /  and  the  top  of  the  tool,  measured  diagonally 
along  a  line  z — z.  It  will  be  seen  that  the  lines  A — B  and  A — C  from 
which  the  angles  of  clearance  and  back  slope  are  measured,  are 
parallel  with  the  top  and  sides  of  the  tool  shank,  respectively.  For 
lathe  tools,  however,  these  lines  are  not  necessarily  located   in   this 
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way  when  -  the  tool  is  in  use,  as  the  height  of  the  tool  point  with 
relation  to  the  work  center  determines  the  position  of  these  lines 
so  that  the  effective  angles  of  back  slope,  clearance  and  keenness 
are  changed  as  the  tool  point  is  lowered  or  raised.  The  way  the 
position  of  the  tool  effects  these  angles  will  be  explained  later. 

While  tools  must,  of  necessity,  be  varied  considerably  in  shape  to 
adapt  them  to  various  purposes,  there  are  certain  underlying  principles 
governing  their  shape  which  apply  generally;  so  in  wnat  follows  we 
shall  not  attempt  to  explain  in  detail  just  what  the  form  of  each 
tool  used  on  the  lathe  should  be,  as  it  is  more  important  to  understand 
how  the  cutting  action  of  the  tool  and  Its  efficiency  is  affected  when 
it  is  improperly  ground.  When  the  principle  is  understood,  the 
grinding  of  tools  of  various  types  and  shapes  is  comparatively  easy. 

Shape  or  Contour  of  Cuttinsr  Edge 
In  the  first  place  we  shall  consider  the  shape  or  contour  of  the 
cutting  edge  of  the  tool  as  viewed  from  the  top,  and  then  take  up  .the 
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question  of  clearance  and  slope,  the  different  elements  being  consid- 
ered separately  to  avoid  confusion. 

The  contour  of  the  cutting  edge  depends  primarily  upon  the  pur- 
pose for  which  the  tool  is  intended.  For  example,  the  tool  A.  in  Fig. 
34,  where  a  plan  view  of  a  number  of  different  lathe  tools  is  shown, 
has  a  very  different  shape  from  that  of,  say,  tool  D,  as  the  first  tool 
is  used  for  rough  turning,  while  tool  D  is  intended  for  cutting  grooves 
or  severing  a  turned  part.  Similarly,  .tool  E  is  V-shaped  because  It 
is  used  for  cutting  V-threads.  Tools  A,  B  and  C,  however,  are  regular 
turning  tools,  that  is,  they  are  all  intended  for  turning  plain  cylin- 
drical surfaces,  but  the  contour  of  the  cutting  edges  varies  consider- 
ably, as  shown.  In  this  case  it  is  the  characteristics  of  the  work  and 
the  cut  that  are  the  factors  which  determine  the  shape.  To  illustrate, 
tool  A  is  of  a  shape  suitable  for  rough  turning  large  and  rigid  work, 
while  tool  B  is  adapted  for  smaller  and  more  flexible  parts.  The  first 
tool  is  well  shaped  for  roughing  because  experiments  have  shown  that 
a  cutting  edge  of  a  large  radius  is  ^capable  of  higher  cutting  speed 
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than  could  be  used  with  a  tool  like  B,  which  haB  a  smaller  point. 
This  increase  in  the  cutting  speepL  is  due  to  the  fact  that  the  tool  A 
removes  a  thinner  chip  for  a  given  feed  than  tool  B.  Therefore,  the 
speed  may  be  increased  without  injuring  the  cutting  edge  to  the  same 
extent.  If,  however,  tool  A  were  to  be  used  for  turning  a  long  and 
flexible  part,  chattering  would  result.  Consequently,  a  tool  B  having 
a  point  with  a  smaller  radius  would  be  preferable,  if  not  absolutely 
necessary.  The  character  of  the  work  also  affects  the  shape  of  tools. 
The  tool  shown  at  C  is  used  for  taking  light  finishing  cuts  with  a 
wide  feed.  Obviously,  if  the  straight  or  flat  part  of  the  cutting  edge 
is  in  line  with  the  travel  of  the  'tool,  the  cut  will  be  smooth  and 
free  from  ridges,  even  though  the  feed  is  coarse,  and  by  using  a 
coarse  feed  the  cut  is  taken  in  less  time;  but  such  a  tool  cannot  be 
used  on  work  that  is  not  rigid,  as  chattering  would  result.  Therefore, 
a  smaller  cutting  point  and  a  reduced  feed  would  have  to  be  employed. 
Tools  with  broad  flat  cutting  edges  and  coarse  feeds  are  often  used  for 
taking  finishing  cuts  in  cast  iron,  as  this  metal  offers  less  resistance 
to  cutting  than  steel,  and  is  less  conducive  to  chattering. 

The  shape  of  a  tool  (as  viewed  from  the  top)  which  is  intended 
for  a  more  specific  purpose  than  regular  turning,  can  be  largely  deter- 
mined by  simply  considering  the  tool  under  working  conditions.  This 
point  may  be  illustrated  by  the  parting  tool  D  which,  as  previously 
stated,  is  used  for  cutting  grooves,  squaring  corners,  etc.  Evidently 
this  tool  should  be  widest  at  the  cutting  edge;  that  is,  the  sides  d 
should  have  a  slight  amount  of  clearance  so  that  they  will  not  bind  as 
the  tool  is  fed  into  a  groove.  As  the  tool  at  E  is  for  cutting  a  V- 
thread,  the  angle  a  between  its  cutting  edges  must  equal  the  angle 
between  the  sides  of  a  V-thread,  or  60  degrees.  The  tool  illustrated 
at  F  is  for  cutting  inside  square  threads.  In  this  case  the  width  w 
should  be  made  equal  to  one-half  the  pitch  of  the  thread,  and  the  sides 
should  be  given  a  slight  amount  of  side  clearance,  the  same  as  with 
the  parting  tool  D.  So  we  see  that  the  outline  of  the  tool,  as  viewed 
from  the  top,  must  conform  to  and  be  governed  by  its  use. 

Direction  of  Top  Slope  for  Tumlnflr  Tools 
Aside  from  the  question  of  the  shape  of  the  cutting  edge  as  viewed 
from  the  top,  there  remains  to  be  determined  the  amount  of  clearance 
that  the  tool  shall  have,  and  also  the  slope  (and  its  direction)  of 
the  top  of  the  tool.  By  the  top  is  meant  that  surface  against  which 
the  chip  bears  while  it  is  being  severed.  It  may  be  stated.  In  a 
general  way,  that  the  direction  in  which  the  top  of  the  tool  should 
slope  should  be  away  from  what  is  to  be  the  working  part  of  the 
cutting  edge.  For  example,  the  working  edge  of  a  roughing  tool  A 
(Fig.  34),  which  is  used  for  heavy  cuts,  would  be,  practically  speaking, 
between  points  a  and  ft,  or  in  other  words,  most  of  the  work  would 
be  done  by  this  part  of  the  cutting  edge;  therefore  the  top  should 
slope  back  frcm  this  part  of  the  edge.  Obviously,  a  tool  ground  in  this 
way  will  have  both  a  back  and  a  side  slope.  When  most  of  the  work 
is  done  on  the  point  or  nose  of  the  tool,  as  for  example,  with  the 
lathe  finishing  tool  C  which  takes  light  cuts,  the  slope  should  be 
back  from  the  point  or  cutting  edge  o-&.     As  the  side  tool  shown  in 
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Fig.  33  does  its  cutting  along  the  ed-ge  a-'b,  the  top  is  given  a  slope 
back  from  this  edge  as  shown  in  the  end  view.  This  point  should  be 
remembered,  for  when  the  top  slopes  in  the  right  direction,  less  power 
is  required  for  cutting.  Tools  for  certain  classes  of  work,  such  as  thread 
tools,  or  those  for  turning  brass  or  chilled  iron,  are  ground  flat  on  top» 
that  is,  without  back  or  side  slope. 

Cleftranoe  for  the  Cuttinsr  Bdflre 

Now,  in  order  that  the  cutting  edge  may  work  without  interference, 
it  must  have  clearance;  that  is,  the  flank  /  (Fig.  33)  must  be  ground 
to  a  certain  angle  a  so  that  it  will  not  rub  against  the  work  and  make 
the  cutting  edge  ineffective.  This  clearance  should  be  just  enough 
to  permit  the  tool  to  cut  freely.  A  clearance  angle  of  eight  or  ten 
degrees  is  about  right  for  lathe  turning  tools. 

The  back  slope  of  a  tool  is  measured  from  a  line  A-B  which  is 
parallel  to  the  shank,  and  the  clearance  angle,  from  a  line  A-C  at 
right  angles  to  line  A-B.  These  lines  do  not,  however,  always  occupy 
this  position  with  relation  to  the  tool  shank  when  the  tool  is  in  use. 


Plfs.  80  and  86.    mostrfttlons  showing  how  Bfllsodve  Anffles  of  GUopo 
•ad  01«ar»nc«  change  aa  Tool  !«  ralaad  or  lowarad 

As  shown  in  Fig.  35,  the  base  line  A-B  for  a  turning  tool  in  use, 
intersects  with  the  point  of  the  tool  and  center  of  the  work,  while  the 
line  A-C  remains  at  right  angles  to  the  first.  It  will  be  seen  then, 
that  by  raising  the  tool,  as  shown  to  the  right  (Fig.  36),  the  effective 
clearance  angle  a  will  be  diminished,  whereas  lowering  it,  as  shown  by 
the  dotted  lines,  will  have  the  opposite  effect. 

A  turning  tool  for  brass  or  other  soft  metal,  particularly  where  con- 
siderable hand  manipulation  is  required,  could  advantageously  have 
a  clearance  of  twelve  or  fourteen  degrees,  as  it  would  then  be  easier 
to  feed  the  tool  into  the  metal;  but,  generally  speaking,  the  clearance 
for  turning  tools  should  be  just  enough  to  permit  them  to  cut  freely. 
Excessive  clearance  weakens  the  cutting  edge  and  may  cause  It  to 
crumble  under  the  pressure  of  the  cut. 

Anflrle  of  Tool- point  and  Amount  of  Top  Slope 

The  lip  angle  or  the  angle  of  keenness  d  (Fig.  33)  is  another  impor- 
tant consideration  in  connection  with  tool  grinding,  for  it  Is  upon  this 
angle  that  the  efliciency  of  the  tool  largely  depends.  By  referring  to 
the  Illustration  it  will  be  seen  that  this  angle  is  governed  by  the  clear- 
ance and  the  slope  /3,  and  as  the  clearance  remains  practically  the 
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same,  it  is  the  slope  which  is  varied  to  meet  different  conditions. 
Now,  the  amount  of  slope  a  tool  should  have  depends  on  the  work  for 
which  It  is  intended.  If,  for  example,  a  turning  tool  is  to  he  used 
for  roughing  medium  or  soft  steel,  it  should  have  a  back  slope  of 
eight  degrees  and  a  side  slope  ranging  from  fourteen  to  twenty  degrees, 
while  a  tool  for  cutting  very  hard  steel  should  have  a  back  slope  of 
five  degrees  and  a  side  slope  of  nine  degrees.  The  reason  for  decreas- 
ing the  slope  and  thus  increasing  the  lip  angle  for  harder  metals  is 
to  give  the  necessary  increased  strength  to  the  cutting  edge  to  prevent 
it  from  crumbling  under  the  pressure  of  the  cut.  The  tool  illustrated 
at  A,  Fig.  37,  is  much  stronger  .than  it  would  be  if  ground  as  shown 
at  B,  as  the  former  is  more  blunt.  If  a  tool  ground  as  at  A,  however, 
were  used  for  cutting  very  soft  steel,  there  would  be  a  greater  chip 
pressure  on  the  top  and,  consequently,  a  greater  resistance  to  cutting, 
than  if  a  keener  tool  had  been  employed;    furthermore  the  cutting 


FIff.  87.  (A)  Blunt  Tool  tav  Taming  Hard  SteoL   (B)  Tod-potet 
Oronnd  to  Give  Keenness 

speed  would  have  to  be  lower,  which  is  of  even  greater  importance 
than  the  chip  pressure;  therefore,  the  lip  angle,  as  a  general  rule, 
should  be  as  small  as  possible  without  weakening  the  tool  so  that  it 
cannot  do  the  required  work.  In  order  to  secure  a  strong  and  well- 
supported  cutting  edge,  tools  used  for  turning  very  hard  metal,  such 
as  chilled  rolls,  etc.,  are  ground  with  practically  no  slope  and  with 
very  little  clearance.  Brass  tools,  while  given  considerable  clearance, 
as  previously  stated,  are  ground  flat  on  top  or  without  slope;  this  is 
not  done,  however,  to  give  strength  to  the  cutting  edge,  but  rather  to 
prevent  the  tool  from  gouging  Into  the  work,  which  it  is  likely  to  do 
if  the  part  being  turned  is  at  all  flexible  and  the  tool  has  top  slope. 

Experiments  conducted  by  Mr.  F.  W.  Taylor  to  determine  the  most 
efficient  form  for  lathe  roughing  tools,  the  results  of  which  have  already 
been  published  In  Machinery  (January  to  August,  1907,  engineer- 
ing edition),  showed  that  the  nearer  the  lip  angle  approached 
sixty-one  degrees,  the  higher  the  cutting  speed.  This,  however,  does 
not  apply  to  tools  for  turning  cast  iron,  as  the  latter  ^ill  work  more 
efficiently  with  a  Up  angle  of  about  sixty-eight  degrees.  This  is 
because  the  chip  pressure,  when  turning  cast  iron,  comes  closer  to  the 
cutting  edge  which  should,  therefore,  be  more  blunt  to  withstand  the 
abrasive  action  and  heat.  Of  course,  the  foregoing  remarks  concern- 
ing  lip  angles  apply    more   particularly  to   tools   used    for   roughing. 
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The  way  a  turning  tool  is  held  while  the  top  surface  is  being  ground 
is  shown  in  Fig.  38.  By  inclining  the  tool  with  the  wheel  face.  It 
will  be  seen  thatf  both  the  back  and  side  slopes  may  be  ground  at 
the  same  time.  When  grinding  the  flank  of  the  tool  it  should  be 
held  on  the  tool-rest  of  the  emery  wheel  or  grindstone,  as  'shown 
in  Fig.  39.  In  order  to  form  a  curved  cutting  edge,  the  tool  is  turned 
about  the  face  of  the  stone  while  it  is  being  ground.  This  rotary 
movement  can  be  effected  by  supporting  the  inner  end  of  the  tool  with 
one  hand  while  the  shank  is  moved  to  and  fro  with  the  other. 

Often  a  tool  which  has  been  ground  properly  in  the  first  place,  is 
greatly  mis-shapen  after  it  has  been  sharpened  a  few  times.  This 
is  usually  the  result  of  attempts  on  the  part  of  the  workman  to 
resharpen  it  hurriedly;  for  example,  it  is  easier  to  secure  a  sharp 
edge  on  the  turning  tool  shown  in  Fig.  35,  by  grinding  the  fiank  as  indl- 


Flffa  88  and  80.    GrbidJnff  the  Top  and  Flank  of  a  Turning  Tool 

cated  by  the  dotted  line,  than  by  grinding  the  entire  flank.  The  clear- 
ance is,  however,  reduced  and  the  lip  angle  changed. 

There  is  great  danger  when  grinding  a  tool  of  burning  it  or  drawing 
the  temper  from  the  fine  cutting  edge,  and,  aside  from  the  actual 
shape  of  the  cutting  end,  this  is  the  most  important  point  in  connec- 
tion with  tool  grinding.  If  a  tool  Is  pressed  hard  against  an  emery 
or  other  abrasive  wheel,  even  though  the  latter  ha^  a  copious  supply 
of  water,  the  temper  will  sometimes  be  drawn. 

When  grinding  a  flat  surface,  to  avoid  burning,  the  tool  should  be 
frequently  withdrawn  from  the  stone  so  that  the  cooling  water  (a 
copious  supply  of  which  should  be  provided)  can  have  access  to  the 
surface  being  ground.  A  moderate  pressure  should  also  be  applied, 
as  it  is  better  to  spend  an  extra  minute  or  two  in  grinding,  than  to 
ruin  the  tool  by  burning  it  in  an  attempt  to  sharpen  it  quickly.  Of 
course,  what  has  been  said  about  burning,  applies  more  particularly 
to  carbon  steel,  but  even  self-hardening  ateels  are  not  improved  by 
being  overheated  at  the  stone. 

In  some  shops  tools  are  ground  to  the  theoretically  correct  shape  in 
special  machines  instead  of  by  hand.  The  sharpened  tools  are  then 
kept  in  the  tool-room  and  are  given  cut  as  they  are  needed. 
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A  type  of  lathe  that  is  much  used  at  the  present  time  is  shown  in 
Fig.  40.  This  is  known  as  the  quick  change-gear  type,  because  it  has 
a  system  of  gearing  which  makes  it  unnecessary  to  remove  the  change 
gears  and  replace  them  with  different  sizes  for  cutting  threads  of 
various  pitches.  Changes  of  feed  are  also  obtained  by  the  same 
mechanism,  but  the  feeding  movement  is  transmitted  to  the  carriage 
by  the  rod  K,  whereas  the  screw  8i  Is  used  for  screw  cutting.    As  previ- 


Plff.  40.   ZaUm  BftTisff  Quick  Olumtfe-ffecur  Meoh«il«m 

ously  explained  the  idea  of  using  the  screw  exclusively  for  threading 
is  to  prevent  it  from  being  worn  excessively,  as  it  would  be  if  con- 
tinually used  in  place  of  rod  R,  for  feeding  the  carriage  when  turning. 
The  general  construction  of  this  quick  change  gear  mechanism  and 
the  way  the  changes  are  made  for  cutting  threads  of  different  pitch, 
will  be  explained  in  connection  with  Figs.  40,  41  and  42,  which  are 
marked  with  the  same  reference  letters  for  corresponding  parts. 
Referring  to  Fig.   40,   the   movement   is   transmitted   from   gear  s  on 
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the  spindle  stud  through  idl^r  gear  /,  which  can  be  moved  sidewise 
to  mesh  with  either  of  the  three  gears  a,  6  or  c,  Fig.  41.  This  cone 
of  three  gears  engages  gears  d,  e  and  /,  any  one  of  which  can  be  locked 
with  shaft  T  (Fig.  42)  by  changing  the  position  of  knob  K,  On  shaft 
T  there  is  a  gear  8  which  can  be  moved  along  the  shaft  by  hand  lever 
L  and,  owing  to  the  spline  or  key  t,  both  the  sliding  gear  and  shaft 
rotate  together.  Shaft  T,  carrying  gears  (f,  e  and  f  and  the  sliding 
gear  8,  is  mounted  in  a  yoke  Y,  which  can  be  turned  about  shaft  N, 
thus  making  it  possible  to  lower  sliding  gear  8  into  mesh  with  any 
one  of  a  cone  of  eight  gears  C,  Fig.  41.  The  shaft  on  which  the  eight 
gears  are  mounted,  has  at  the  end  a  small  gear  m  meshing  with  gear 
n  on  the  feed-rod,  and  the  latter,  in  turn,  drives  the  lead-screw,  unless 
gear  o  is  shifted  to  the  right  out  of  engagement,  which  is  its  position 
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except  when  cutting  threads.  With  this  mechanism,  eight  changes 
for  dilTerent  threads  or  feeds  are  obtained  by  simply  placing  gear  8 
into  mesh  with  the  various  sized  gears  in  cone  C.  As  the  speed  of 
shaft  T  depends  on  which  of  the  three  gears  d,  e  and  /  are  locked  to 
it,  the  eight  changes  are  tripled  by  changing  the  position  of  knob  K, 
making  twenty-four.  Now  by  shifting  idler  gear  /,  three  speed  changes 
may  be  obtained  for  gears  a,  6  and  c,  which  rotate  together,  so  that 
the  twenty-four  changes  are  also  tripled,  giving  a  total  of  seventy-two 
variations  without  removing  any  gears,  and  if  a  different  sized  gear  s 
were  placed  on  the  spindle  stud,  an  entirely  different  range  could  be 
obtained,  but  such  a  change  would  rarely  be  necessary.  As  shown  in 
Fig.  40,  there  are  eight  hardened  steel  buttons  B,  or  one  for  each  gear 
of  the  cone  O,  placed  at  different  heights  in  the  casing.  When  lever 
L  is  shifted  sidewise  to  change  the  position  of  sliding  gear  S,  it  is 
lowered  onto  one  of  these  buttons  (which  enters  a  pockel  on  the 
under  side)  and  in  this  way  gear  8  is  brought  into  proper  mesh  with 
any  gear  of  the  cone  C.  To  shift  lever  L,  the  handle  is  pulled  out- 
ward against  the  tension  of  spring  r  (Fig.  42)  which  disengages  latch 
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I  and  enables  the  lever  to  be  lifted  clear  of  the  button;  yoke  Y  is  then 
raised  or  lowered,  as  the  case  may  be,  and  lever  L  with  the  sliding  gear 
Is  shifted  to  the  required  position. 

The  position  of  lever  L  and  knob  K  for  cutting  threads  of  different 
pitches,  is  shown  by  an  index  plate  or  table  attached  to  the  lathe  and 
arranged  as  shown  in  Fig.  43.  The  upper  section  a  of  this  table 
shows  the  different  numbers  of  threads  to  the  inch  that  can  be  obtained 
when  idler  gear  I  is  in  the  position  shown  by  the  diagram  A.  Section 
h  gives  the  changes  when  the  idler  gear  is  moved,  as  shown  at  B,  and, 
similarly,  section  c  gives   the   changes   for   position   C  of  the  idler. 

The  horizontal  row  of  figures  from 
1  to  8  below  the  word  "stops", 
represents  the  eight  positions  for 
lever  L  which  has  a  plate  p  (Fig. 
40)  just  beneath  it  with  corre- 
sponding n/umbers,  and  the  col- 
.umn  to  the  left  shows  whether 
knob  K  should  be  out,  in  a  central 
position,  or  in.  In  order  to  find 
what  the  position  of  lever  L  and 
knob  K  should  be  for  cutting  any 
given  number  of  threads  to  the 
inch,  find  what  **stop"  number  is 
directly  above  the  number  of 
threads  to  be  cut,  which  will  in- 
dicate the  location  of  lever  L,  and 
also  what  position  should  be  occu- 
pied by  knob  K,  as  shown  in  the 
column  to  the  left.  For  example, 
suppose  the  lathe  is  to  be  geared 
for  cutting  eight  threads  to  the 
inch.  By  referring  to  section  a  we 
see  that  lever  L  should  be  in  posi- 
tion 4  and  knob  K  in  the  center, 
provided  the  idler  gear  /  were  in 
position  A,  as  it  would  be  ordi- 
narily, because  all  standard  num- 
bers of  threads  per  inch  (U.  S. 
standard)  from  %  inch  up  to  and  including  4  inches  in  diameter,  can 
be  cut  with  the  idler  gear  in  that  position.  As  another  illustration, 
suppose  we  want  to  cut  twenty-eight  threads  per  Inch.  This  Is  listed 
in  section  c,  which  shows  that  lever  L  must  be  placed  in  position  3  with 
knob  K  pushed  in  and  the  Idler  gear  shifted  to  the  left  as  at  C, 

The  simplicity  of  this  method  as  compared  with  the  time-consuming 
operation  of  removing  and  changing  gears,  is  apparent.  The  diagram 
D  to  the  right,  shows  an  arrangement  of  gearing  for  cutting  nineteen 
threads  per  inch.  A  20-tooth  gear  is  placed  on  the  spindle  stud  (in 
place  of  the  regular  one  having  16  teeth)  and  one  with  95  teeth  on 
the  end  of  the  lead-screw,  thus  driving  the  latter  direct  as  with  ordi- 
nary change  gears. 
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CHAPTER  Vn 


MISCELLANEOUS  POINTS  ON  LATHE  WORK! 

The  production  of  accurate  lathe  work  depends  partly  on  the  condi- 
tion of  the  lathe  used  and  also  on  the  care  and  judgment  exercised 
by  the  man  operating  it.  Even  though  a  lathe  is  properly  adjusted 
and  in  good  condition  otherwise,  errors  are  often  made  which  are 
due  to  other  causes  which  should  be  carefully  avoided. 

If  the  turning  tool  is  clamped  so  that  the  cutting  end  extends  too 
far  from  the  supporting  block,  the  downward  spring  of  the  tool,  owing 
to  the  thrust  of  the  cut,  sometimes  results  in  spoiled  work,  especially 
when  an  attempt  is  made  to  turn  close  to  the  finished  size  by  taking 
a  heavy  roughing  cut.     Suppose  the  end  of  a  cylindrical  part  is  first 


PliT-  44.    To  avoid  sprlnfflnff,  Overhang  A  of  Tool  should  not  b«  too  gr«at 

reduced  for  a  short  distance  by  taking  several  trial  cuts  until  the 
diameter  d,  Fig.  44,  is  slightly  above  the  finished  size  and  the  power 
feed  is  then  engaged.  When  the  tool  begins  to  take  the  full  depth  e 
of  the  cut,  the  point,  which  ordinarily  would  be  set  above  the  center, 
tends  to  spring  downward  into  the  work,  and  if  there  were  consider- 
able springing  action,  the  part  would  probably  be  turned  below  the 
finished  size,  the  increased  reduction  beginning  at  the  point  where 
the  full  cut  started.  This  springing  action,  as  far  as  the  tool  is  con- 
cerned, can  be  practically  eliminated  by  locating  the  tool  so  that  the 
distance  A  between  the  tool-block  and  cutting  end,  or  the  "overhang," 
is  as  short  as  possible.  Even  though  the  tool  has  little  overhang  it 
may  tilt  downward  because  the  tool-slide  is  loose  on  its  ways,  and  for 
this  reason  the  slide  should  have  a  snug  adjustment  that  will  permit 
an  easy  movement  without  unnecessary  play. 

When  roughing  cuts  are  to  be  taken,  the  tool  should  also  be  located 
so  that  any  change  in  its  position  caused  by  the  pressure  of  the  cut, 
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will  not  spoil  the  work.  This  point  is  illustrated  at  A  in  Fig.  45. 
Suppose  the  end  of  a  rod  has  been  reduced  by  taking  a  number  of 
trial  cuts,  until  it  is  1/32  inch  above  the  finished  size.  If  the  power 
feed  is  then  engaged  with  the  tool  clamped  in  an  oblique  position,  as 
shown,  when  the  full  cut  is  encountered  at  c,  the  tool,  unless  very 
tightly  clamped,  may  be  shifted  backward  by  the  lateral  thrust  of 
the  cut,  as  indicated  by  the  dotted  lines.  The  point  will  then  begin 
turning  smaller  than  the  finished  size  and  the  work  will  be  spoiled. 
To  prevent  any  change  of  position,  it  is  good  practice,  especially  when 
roughing,  to  clamp  the  tool  square  with  the  surface  being  turned,  or 
in  other  wdrds,  at  right  angles  to  its  direction  of  movement.  Occa- 
sionally, however,  there  is  a  decided  advantage  in  having  the  tool 


Flff.  45.    (A)  The  Way  In  which  Tool  !•  sometimes  displaced  bj  Thrnst  of  Oat,  when  set 
St  an  An^le.    (B)  Tool  Bet  for  Finishing  Cylindrical  and  Badlal  Snrftbces 

set  at  an  angle.  For  example,  if  it  is  held  about  as  shown  at  B,  when 
turning  the  fiange  casting  C,  the  surfaces  «  and  «i  can  be  finished  with* 
out  changing  the  tool's  position. 

Work  that  is  held  in  a  chuck  is  sometimes  sprung  out  of  shape  by 
the  pressure  of  the  chuck  jaws  so  that  when  the  part  is  bored  or 
turned,  the  finished  surfaces  are  untrue  after  the  jaws  are  released 
and  the  work  has  resumed  its  normal  shape.  This  applies  more  par- 
ticularly to  frail  parts,  such  as  rings,  thin  cylindrical  parts,  etc. 
Occasionally  the  distortion  can  be  prevented  by  so  locating  the  work 
with  relation  to  the  chuck  jaws  that  the  latter  bear  against  a  rigid 
part.  When  the  work  cannot  be  held  tightly  enough  for  the  roughing 
cuts  without  springing  it,  the  jaws  should  be  released  somewhat  before 
taking  the  finishing  cut,  to  permit  the  part  to  spring  back  to  its 
natural  shape. 

Work  that  is  turned  between  centers  is  sometimes  driven  by  a  dog 
which  is  so  short  for  the  faceplate  that  the  bent  driving  end  bears 
against  the  bottom  a  of  the  faceplate  slot,  as  shown  at  A,  Fig.  46. 
If  the  dog  is  nearly  the  right  length,   it  may  allow  the  headstock 
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center  to  enter  the  center  in  the  work  part  way,  with  the  result  that 
the  turned  surface  is  not  true  with  the  centers.  When  a  driving  dog 
of  this  type  is  used,  care  should  be  taken  to  see  that  it  moves  freely 
in  the  faceplate  slot  and  does  not  bind  against  the  bottom.  By  using 
a  straight  dog  (B),  which  is  driven  by  a  pin  6  bolted  to  the  faceplate, 
all  danger  from  this  source  is  eliminated.  The  straight  dog,  however, 
is  used  more  particularly  to  do  away  with  the  leverage  I  of  a  bent  dog, 
as  this  leverage  tends  to  spring  the  part  being  turned.  Straight  dogs 
are  also  made  with  two  driving  ends  which  engage  pins  on  opposite 
sides  of  the  faceplate.  This  type  is  preferable  because  it  applies  the 
power  required  for  turning,  evenly  to  the  work,  which  still  further 
reduces  the  tendency  to  spring  it  out  of  shape.    The  principal  objec- 


Plff.  40.   (A)  Doer  thAt  la  too  Short  for  Faoeplat*.   (B)  Straight  Driving  Dog 

tion  to  the  double-ended  type  lies  in  the  diflSculty  of  adjusting  the 
driving  pins  so  that  each  bears  with  equal  pressure  against  the  dog. 

The  lathe  centers  should  receive  careful  attention  especially  when 
accurate  work  must  be  turned.  If  the  headstock  center  does  not  run 
true  as  it  revolves  with  the  work,  a  round  surface  may  be  turned,  but 
if  the  position  of  the  driving  dog  with  reference  to  the  faceplate  is 
changed,  the  turned  surface  will  not  run  true  because  the  turned  su^ 
face  is  not  true  with  the  work  centers.  Furthermore,  if  it  is  necessary 
to  reverse  the  work  for  finishing  the  dogged  or  driving  end,  the  last 
part  turned  will  be  eccentric  to  the  first.  Therefore,  the  lathe  centers 
should  be  kept  true  in  order  to  produce  turned  surfaces  that  are  true 
or  concentric  with  the  centered  ends,  as  it  is  often  necessary  to  change 
the  part  being  turned  "end  for  end**  for  finishing,  and  any  eccentricity 
between  the  different  surfaces  would,  in  many  cases,  spoil  the  work. 

Some  lathes  are  equipped  with  hardened  centers  in  both  the  head- 
and  tail-stock  and  others  have  only  one  hardened  center  which  is  in 
the  tailstock.  The  object  in  having  a  soft  or  unhardened  headstock 
center  is  to  permit  its  being  trued  by  turning,  but  as  a  soft  center 
is  quite  easily  bruised  and  requires  truing  oftener  than  one  that  is 
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hard,  it  is  better  to  have  both  centers  hardened.  Special  grinders  are 
used  for  truing  these  hardened  centers.  One  type  that  is  very  simple 
and  easily  applied  to  a  lathe  is  shown  in  Fig.  47.  This  grinder  is  held 
in  the  lathe  toolpost  and  is  driven  by  a  wheel  A  that  is  held  in 
contact  with  the  cone-pulley.  The  emery  wheel  B  is  moved  to  a  posi- 
tion for  grinding  by  adjusting  the  carriage  and  cross-slide,  and  it  is 
traversed  across  the  conical  surface  of  the  center  by  handle  C.  As 
the  grinding  proceeds,  the  wheel  is  fed  inward  slightly  by  manipulat- 
ing the  cross-slide.  This  grinder  is  set  to  the  proper  angle  by  placing 
the  two  centered  ends  D  and  Dj  between  the  lathe  centers,  which 
should  be  aligned  as  for  straight  turning.  The  grinding  spindle  will 
then  be  30  degrees  from  the  axis  of  the  lathe  spindle.  The  grinder 
should  be  carefully  clamped  in  the  toolpost  so  that  it  will  remain 


Fig.  47.    lAtfae  Center  GKrlader 

as  located  by  the  centered  ends.  The  tailstock  center  is  next  with- 
drawn and  the  emery  wheel  is  adjusted  for  grinding.  As  the  wheel 
spindle  is  30  degrees  from  the  axis  of  the  lathe  spindle,  the  lathe 
center  is  not  only  ground  true  but  to  an  angle  of  60  degrees,  which 
is  the  standard  angle  for  lathe  centers.  There  are  many  other  styles 
of  center  grinders  on  the  market,  some  of  which  are  driven  by  a  small 
belt  from  the  cone-pulley  and  others  by  electric  motors  which  are  con- 
nected with  ordinary  lighting  circuits.  The  tailstock  center  is  ground 
by  inserting  it  in  the  spindle  in  place  of  the  headstock  center.  Before 
a  center  is  replaced  In  Its  spindle,  the  hole  should  be  perfectly  clean 
as  even  a  small  particle  of  dirt  may  seriously  affect  the  alignment. 

When  a  rod  or  shaft  must  be  turned  cylindrical  or  to  the  same 
diameter  throughout  its  entire  length,  it  is  good  practice  to  test  the 
alignment  of  the  centers,  before  inserting  the  work.    The  position  of 
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the  tailatock  center  for  cylindrical  turning  may  be  indicated  by  the 
coincidence  of  graduation  marks  on  the  base,  but  if  accuracy  is  neces- 
sary, the  relative  position  of  the  two  centers  should  be  determined 
in  a  more  positive  way.  A  very  simple  and  convenient  method  of 
testing  the  alignment  is  shown  at  A  in  Fig.  48.  The  work  is  first 
turned  for  a  short  dlsitance,  near  the  dogged  end,  as  shown,  and  the 
tool  is  left  as  set  for  this  cut;  then  the  tailstock  center  is  withdrawn 
and  the  work  is  moved  sufficiently  to  permit  running  the  tool  back 
to  the  tailstock  end  without  changing  its  original  setting.  A  short  cut 
is  then  taken  at  this  end  and  the  diameters  d  and  di  are  carefully 
compared.     In  case  there  is   any   variation,   the  tailstock   center   is 


Flff.  48.    Two  Methods  of  AUirnlnff  Centers  Ibr  OyUndxloal  Tondnff 

adjusted  laterally,  other  trial  cuts  are  taken,  and  the  test  repeated. 

Another  method  is  illustrated  at  B,  which  requires  the  use  of  a  test- 
bar  f.  This  bar  should  have  accurately  made  centers  and  the  ends 
finished  to  exactly  the  same  diameter.  The  lathe  centers  are 
aligned  by  placing  the  bar  between  them  and  then  testing  the  posi- 
tion of  the  ends.  This  can  be  done  by  comparing  each  end  with  a 
tool  held  in  the  toolpost  and  moved  from  one  to  the  other  by  shifting 
the  carriage,  but  a  better  method  is  to  clamp  a  test  indicator  t  in 
the  toolpost  and  bring  it  in  contact  with  first  one  end  of  the  bar 
and  then  the  other.  If  the  dial  does  not  register  the  same  at  each 
end,  it  shows  that  the  lathe  centers  are  not  in  line. 

Even  when  centers  are  correctly  set,  lathes  that  have  been  in  uso 
a  long  time  do  not  always  turn  cylindrical  or  straight  because  if  the 
ways  that  guide  the  carriage  are  worn  unevenly,  the  tool  as  it  i^oves 
along  does  not  remain  In  the  same  plane  and  this  causes  a  variation 
in  the  diameter  of  the  part  being  turned. 
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CHAPTER  I 


CONSTRUCTION  AND  OPERATION  OP  A  PLANER 


The  planer  is  used  principally  for  producing  flat  surfaces.  The  con- 
struction or  design  of  planers  of  different  makes  varies  somewhat,  and 
special  types  are  built  for  doing  certain  kinds  of  work.  There  is, 
however,  what  might  be  called  a  standard  type  which  is  found  in  all 
machine  shops  and  is  adapted  to  general  work.  A  typical  planer  of 
small  size  is  illustrated  in  Fig.  1.  The  principal  parts  are  the  bed  5. 
the  housings  H  which  are  bolted  to  the  bed,  the  table  or  platen  P 
to  which  the  work  is  attached,  the  cross-rail  C,  and  the  toolhead  T 


Fig.  1.    Flather  Sinffle-head  Planer 

which  is  mounted  on  the  cross-rail.  When  the  planer  is  in  operation, 
the  platen  slides  back  and  forth  en  the  bed  in  V-shaped  grooves  G 
which  cause  it  to  move  in  a  straight  line.  While  this  reciprocating 
movement  takes  place,  the  work,  which  is  clamped  to  the  platen,  is 
planed  by  a  tool  held  in  position  by  clamps  A.  This  tool  remains  sta- 
tionary except  at  the  end  of  each  stroke  of  the  platen,  when  the  tool- 
head  and  tool  feed  slightly  for  a  new  cut.  The  amount  of  feed  for 
each  stroke  can  be  varied  to  suit  the  conditions,  as  will  be  explained 
later.     The  movement  of  the  table  or  of  the  length  of  its  stroke  i3 
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governed  by  the  position  of  the  dogs  D  and  Dj.  These  dogs  may  be 
adjusted  along  the  groove  shown  and  they  serve  to  reverse  the  table 
movement  by  engaging  tappet  /.  Before  explaining  Just  how  the  move- 
ment of  tappet  /  controls  the  point  of  reversal,  the  arrangement  of 
the  driving  mechanism,  a  plan  view  of  which  is  shown  in  Fig.  2, 
will  be  explained. 

The  Drivinsr  and  Beversincr  Mechanism 
The  shaft  on  which  the  belt  pulleys  /,  ^„  and  r,  r^  are  mounted  car- 
ries a  pinion  a  that  meshes  with  a  gear  on  shaft  h.    This  shaft  drives, 
through  the  gears  c  and  d,  a  second  shaft  which  carries  a  pinion  e,  and 


'^^^3^\:- 


^2= 


-r^ 


Mackinera 


Fig.  2.    Drivinff  Mecbaolsm  of  a  Spxxr-sroared  Planer 

which  meshes  with  a  large  gear  g.  This  large  gear,  which  is  called 
the  "bull-wheel,"  in  turn  engages  a  rack  attached  to  the  under 
side  of  the  table,  and,  as  the  gear  revolves,  the  table  moves 
along  the  ways  of  the  bed.  There  are  two  pairs  of  driving  pul- 
leys and  also  two  driving  belts  connecting  with  an  overhead  coun- 
tershaft. One  pulley  of  each  set  is  keyed  to  the  shaft  and  the  other  is 
loose  and  revolves  freely.  The  belt  operating  on  the  large  pulleys 
/  and  fi  is  "open"  whereas  the  belt  for  the  smaller  pulleys  r  and  r,  is 
crossed,  which  gives  a  reverse  motion.  The  position  of  both  belts 
is  controlled  by  guides  J  (one  of  which  is  seen  in  Fig.  1)  which  are 
operated  by  tappet  /.  Now  when  the  open  belt  is  running  on  the  tight 
pulley  /,  the  reverse  belt  is  on  the  loose  pulley  Tj,  and  the  table  moves 
as  shown  by  the  arrow  x,  which  is  in  the  direction  for  the  cutting 
stroke.    When  the  table  is  advanced  far  enough  to  bring  dog  D  (Fig.  1) 
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into  engagement  with  tappet  /.  the  latter  is  pushed  over,  which  shifts 
the  open  belt  on  loose  pulley  A  and  the  cross  belt  on  the  tight  pulley  r. 
The  pulley  shaft  and  the  entire  train  of  driving  gears  is  then  rotated  , 
in  the  opposite  direction  by  the  crossed  belt  and  the  table  movement 
is  reversed.  This  is  the  return  stroke,  during  which  the  planing  tool 
glides  back  over  the  work  to  the  starting  point  for  a  new  cut.  To 
change  the  length  of  the  stroke,  it  is  simply  necessary  to  shift  dogs 
D  and  Di  as  their  position  determines  the  point  of  reversal.  When 
the  workman  desires  to  reverse  the  table  by  hand  or  stop  it  tempo- 
rarily, this  can  be  done  by  operating  hand  lever  K.  It  will  be  noted 
that  there  is  considerable  difference  in  the  diameter  of  the  two  sets 
of  belt  pulleys,  those  for  the  forward  or  cutting  stroke  being  much 


Fiff.  8.    Olnolnoati  Foiar-bead  Planer 

larger  than  those  for  the  return  movement.  As  the  size  of  the  counter- 
shaft pulleys  is  in  the  reverse  order,  the  speed  of  the  table  is  much 
less  when  the  large  pulley  is  driving  than  when  the  cross  belt  is  shifted 
to  the  small  pulley.  The  result  is  that  the  table  is  returned  quickly 
after  the  cutting  stroke  in  order  to  reduce  the  idle  time  that  elapses 
between  the  end  of  one  cut  and  the  beginning  of  the  next. 

The  Feeding  Mechanism 

The  feeding  movement  of  the  tool  takes  place  just  before  the  cutting 
stroke  begins.  If  a  horizontal  surface  is  being  planed,  the  tool  has 
a  crosswise  movement  parallel  to  the  platen,  but  if  the  surface  is  verti- 
cal, the  tool  is  fed  downward  at  right  angles  to  the  platen.  In  the 
first  case,  the  entire  toolhead  T  moves  along  the  cross-rail  C,  but  for 
vertical  planing,  slide  S  moves  downward.  Surfaces  which  are  at 
an  angle  with  the  table  can  also  be  planed  by  loosening  nuts  N  and 
swiveling  slide  B  to  the  required  angle  as  shown  by  graduations  on 
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the  circular  base.  The  horizontal  and  vertical  movements  of  the  tool 
can  be  effected  by  hand  or  automatically.  The  hand  feed  is  used  prin- 
cipally for  adjusting  the  tool  to  the  proper  position  for  starting  a  cut. 
The  tool  can  be  set  to  the  right  height  by  a  crank  at  the  top  of  the 
tool-head,  and  the  crosswise  position  of  the  tool  and  head  can  be  varied 
by  turning  horizontal  feed-screw  E.  This  screw  is  turned  for  a  hand 
adjustment  by  placing  a  crank  on  the  squared  outer  end.  The  auto- 
matic feeding  movement  is  derived  from  a  feed  disk  F,  which  turns 
part  of  a  revolution  at  each  end  of  the  stroke  and  is  connected  to  a 

rack  R.  This  rack  slides  up  and 
down  with  each  movement  of  the 
crank  and  imparts  its  motion  to 
gear  M  by  means  of  an  inner 
pinion  which  it  engages.  Gear 
Af,  In  turn,  meshes  with  a  gear  O 
placed  on  the  feed-screw.  The 
feeding  movement  is  engaged, 
disengaged  or  reversed  by  a  pawl 
attached  to  gear  M  (on  this  par- 
ticular planer)  and  the  amount 
of  feed  per  stroke  is  varied  by 
adjusting  the  crankpin  of  the 
disk  F,  to  or  from  the  center. 
The  vertical  feed  is  operated  by 
a  spllned  shaft  L  which  trans- 
mits its  motion  to  the  toolhead 
feed-screw  through  gearing.  This 
shaft  Is  also  driven  by  gear  0  which  is  removable  and  is  placed  on  it 
when  an  automatic  vertical  feed  is  desired. 

The  friction  disk  F  is  turned  by  pinion  shaft  c  (Fig.  2),  of  the  driv- 
ing mechanism.  The  number  of  revolutions  made  by  this  pinion  shaft 
for  each  stroke  depends,  of  course,  on  the  length  of  the  stroke,  but 
the  feed  disk  is  so  arranged  that  it  only  rotates  part  of  a  revolution  at 
each  end  of  the  stroke,  so  that  the  feeding  movement  is  not  governed 
by  the  length  of  the  stroke.  In  other  words  the  feed  disk  is  disengaged 
from  the  driving  shaft  after  being  turned  part  of  a  revolution.  One 
type  of  feed  disk  is  shown  in  the  sectional  view  Fig.  4.  The  cup- 
shaped  part  A  having  an  inner  tapering  surface  is  attached  to  the 
main  pinion  shaft.  Crank-disk  B  has  a  tapering  hub  C  which  fits  into 
part  A  as  shown.  If  the  hub  is  engaged  with  cup  A  when  the  planer 
is  started,  the  crank-disk  is  turned  until  a  tapered  projection  D  strikes 
a  stationary  taper  boss  on  the  bed  which  disengages  hub  C  from  the 
driving  member  by  moving  it  outward  against  the  tension  of  spring  E. 
The  disk  then  stops  turning  and  remains  stationary  until  the  driving 
member  A  reverses  at  the  end  of  the  stroke.  The  hub  then  springs 
back  into  engagement  and  the  disk  turns  in  the  opposite  direction  until 
another  taper  projection  D^,  on  the  opposite  side,  strikes  a  second  boss 
on  the  bed  which  again  arrests  the  feeding  movement.  It  will  be  seen 
that  this  simple  mechanism  causes  the  disk  to  oscillate  through  the 
same  arc  whether  the  stroke  is  long  or  short. 


Flff.  4.  'Friction  Feed  Disk 
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Doable  Head  Planers-Uee  of  Side-heads— Two- speed  Planer 
Modem  planers,  with  the  exception  of  comparatively  small  sizes,  are 
ordinarily  equipped  with  two  tool-heads  on  the  cross-rail,  as  shown  in 
Fig.  3,  so  that  two  tools  can  be  used  at  the  same  time.  Some  planers 
also  have  side-heads  8  mounted  on  the  housings  below  the  cross-rail 
for  planing  vertical  surfaces  or  for  doing  other  work  on  the  sides  of 
a  casting.  These  side-heads  have  an  automatic  vertical  feed  and  can 
often  be  used  while  the  other  tools  are  planing  the  top  surface,  the 
method  being  to  start  first  the  regular  tools  (which  usually  have  the 
largest  surfaces  to  plane)  and  then  the  side-heads.  If  the  planing  on 
the  side  requires  hand  manipulation,  as  when  forming  narrow  grooves. 


Flff. 


Flather  Two-speed  Planer 


etc.,  the  planing  would  be  done  on  first  one  side  and  then  the  other, 
assuming  that  both  sides  required  machining,  but  when  the  surfaces 
are  broad  the  automatic  feed  enables  both  side-heads  to  be  used  at  the 
same  time,  on  some  classes  of  work.  These  side-heads  often  greatly 
reduce  the  time  required  for  planing  and  they  also  make  it  possible  to 
finish  some  parts  at  one  setting,  whereas  the  work  would  have  to  be 
set  up  in  one  or  two  different  positions  if  a  planer  without  side-heads 
were  used. 

The  planer  Illustrated  in  Fig.  5  has  two  speeds  for  the  **cutting 
stroke"  of  the  table,  instead  of  a  single  si)eed.  This  feature  is  very 
desirable  as  it  enables  the  cutting  speed  to  be  varied  in  accordance 
with  the  kind  of  material  to  be  planed  or  the  character  of  the  work. 
The  speed  is  changed  from  fast  to  slow  or  vice  versa  by  operating  lever 
L  which,  through  a  segment  pinion  and  rack  Af,  shifts  sliding  gears 
which  are  located  inside  the  bed  and  form  a  part  of  the  driving  train. 
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CHAPTER  II 


EXAMPLES  OP  PLANER  WORK  AND 
ADJUSTMENT  OP  MACHINE 


A  simple  example  of  planing  is  illustrated  in  Fig.  6.  The  work  W 
is  a  base  casting,  the  top  surface  of  which  is  to  be  planed  true.  The 
casting  is  first  fastened  to  the  table  by  bolts  and  clamps  C  and  C„ 
and  it  is  further  held  from  shifting  by  stop-pins  S.  The  platens  of 
all  planers  are  provided  with  a  number  of  slots  and   holes  for  the 


Fiff.  6.    Side  View  of  PUuier  with  Work  in  Position 

reception  of  clamping  bolts  and  stop-pins.  When  the  casting  is  securely 
attached  to  the  platen,  a  planing  tool  T  is  clamped  in  the  toolpost,  and 
cross-rail  R  is  set  a  little  above  the  top  surface  of  the  work.  The  dogs 
D  ana  D,  are  then  placed  opposite  the  work  and  are  set  far  enough 
apart  to  give  the  platen  and  work  a  stroke  slightly  greater  than  the 
length  of  the  surface  to  be  planed.  The  movement  of  the  work  during 
«  stroke  is  illustrated  in  Fig.  7,  the  full  lines  showing  its  position 
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with  relation  to  the  tool  at  the  beginning  of  the  cutting  stroke,  and 
the  dotted  lines  the  end  of  the  stroke  or  the  point  of  reversal.  The 
dogs  should  be  adjusted  so  that  the  distance  x  is  not  more  than  IV2  to 
2  inches  and  the  tool  should  just  clear  the  work  at  the  other  end. 
If  the  stroke  is  much  longer  than  the  length  of  the  surface  being 
planed,  obviously  more  time  is  required  for  planing  than  when  the 
stroke  is  properly  adjusted. 

Taking  the  Cut 

The  tool  is  moved  over  to  the  work  by  handle  A  and  is  fed  down  to 
the  right  depth  for  a  cut  by  handle  B,  The  planer  is  started  by  shift- 
ing an  overhand  belt  (assuming  that  it  is  belt-  and  not  motor-driven) 
and  the  power  feed  is  engaged  by  throwing  the  feed  pawl  into  mesh. 
On  this  particular  planer,  the  feed  pawl  is  inside  the  gear  and  it  is 
engaged  or  disengaged  by  handle  E.  The  tool  planes  the  surface  of 
the  casting  by   feeding  horizontally   across  it  and   removing  a  chip 


Vlg.  7.    Movement  of  Work  with  Relation  to  Planing  Tool 

during  each  forward  stroke  of  the  work.  If  there  is  not  much  metal 
to  be  planed  off,  one  roughing  and  one  finishing  cut  would  probably 
be  all  that  is  necessary.  For  the  finishing  cut,  a  broad  tool  having  a 
flat  edge  is  often  used,  especially  for  cast  Iron,  as  it  enables  wide  feeds 
to  be  taken,  which  reduces  the  time  required  for  the  finishing  cut.  The 
differetit  types  of  tools  ordinarily  used  on  a  planer,  are  illustrated  in 
Chapter  IV,  which  also  explains  how  they  are  ground  and  gives  typical 
examples  of  their  use. 

Planing  Work  held  in  a  Chuck 

Another  planing  operation  is  illustrated  in  Fig.  8.  In  this  case,  the 
sides  of  a  cast-iron  block  B  are  to  be  planed  parallel  and  square  to 
each  other.  One  method  of  holding  the  work  would  be  to  grip  it  in 
the  planer  chuck  A.  A  cut  can  then  be  taken  over  the  entire  surface 
of  one  side,  whereas  if  ordinary  clamps  C,  Fig.  6,  were  used,  they 
would  interfere  with  the  movement  of  the  tool.  This  chuck,  an  end 
view  of  which  is  shown  at  A  in  Fig.  9,  has  one  fixed  jaw  /  and  one 
movable  jaw  /,  and  the  work  is  clamped  between  the  jaws  by  the  . 
screws  shown.  The  work  is  "bedded'*  by  hammering  it  lightly,  until 
the  sound  indicates  that  it  rests  solidly  on  the  bottom  of  the  chuck. 

After  a  cut  has  been  taken  over  the  upper  side  a  (Fig.  8),  the  cast- 
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ing  Is  turned  to  bring  its  finished  face  against  the  stationary  jaw  J 
as  shown  at  A,  Fig.  9.  A  finished  or  planed  surface  should  always  be 
located  against  the  fixed  or  stationary  jaw  of  the  vise,  because  the 
movable  jaw  Is  more  liable  to  be  out  of  alignment.  If  the  fixed  jaw 
is  square  with  the  planer  table,  and  face  a  is  held  flat  against  it,  evi- 
dently face  &,  when  planed,  will  be  at  right  angles  to  face  a.  Unless 
care  is  taken,  however,  the  work  may  be  tilted  slightly  as  the  movable 
jaw  is  set  up,  especially  if  the  latter  bears  against  a  rough  side  of 
the  casting.  .  The  way  this  occurs  is  indicated  at  B,  Suppose,  for 
example,  that  the  rough  side  c  is  tapering  (as  shown  somewhat  exag- 
gerated) and  the  jaw  J^  only  touched  the  upper  corner  as  shown.    The 


Flff.  8.    Planlnff  Work  held  In  Chuck 

finished  face  will  then  tend  to  move  away  at  x  (sketch  C)  as  jaw  /, 
is  tightened,  so  that  face  &,  when  planed,  would  not  be  square  with 
the  side  a.  One  method  of  overcoming  this  difficulty  is  to  Insert  nar- 
row strips  of  tin  (or  strips  of  pai>er  when  the  irregularity  is  small) 
in  the  space  8  (sketch  B)  to  give  the  clamping  jaw  a  more  even  bear- 
ing. This  tilting  can  also  be  prevented  by  placing  a  wire  or  cylindrical 
rod  w  along  the  center  of  the  work  as  shown  at  D;  the  pressure  of 
clamping  is  then  concentrated  at  the  center  and  the  opposite  side  is 
held  firmly  against  the  fixed  jaw.  Sometimes  a  special  packing  strip  p, 
having  a  rounded  face,  is  inserted  between  the  jaw  and  the  work  to 
prevent  tilting,  as  at  E.  This  strip  acts  on  the  same  principle  as  the 
wire,  and  it  is  more  convenient  to  use. 

When  the  sides  a  and  &  are  finished  and  the  casting  is  being  set 
for  planing  side  c,  it  is  necessary  not  only  to  have  a  good  bearing 
against  the  fixed  jaw,  but  as  the  sides  are  to  be  parallel,  the  lower 
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side  a  must,  at  this  setting,  bear  evenly  on  the  bottom  of  the  chuck. 
A  simple  method  of  determining  when  work  is  firmly  bedded,  is  as 
follows:  Place  strips  of  thin  paper  beneath  each  end  of  the  work, 
and  after  tightening  the  chuck  and  hammering  the  casting  lightly  to 
give  it  a  good  bearing,  try  to  withdraw  the  paper  strips.  If  both  are 
held  tightly,  evidently  the  casting  rests  on  the  chuck  and  the  upper 
side  will  be  planed  parallel,  provided  the  chuck  itself  is  true. 

The  foregoing  method  of  planing  a  block  square  and  parallel,  by 
holding  it  in  a  chuck,  is  not  given  as  one  conducive  to  accuracy,  but 
rather  to  illustrate  some  of  the  points  which  should  be  observed  when 
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Flff.  9. 


Planer  Chuck— Diagrams  showlxis'  how  Work  la  TUted 
atid  Methods  of  Holding  It  Squckre 


clamping  work  in  a  planer  chuck.  If  considerable  accuracy  were 
required,  the  work  could  be  held  to  better  advantage  by  fastening  it 
directly  to  the  table  with  special  clamps,  as  indicated  in  Fig.  10.  The 
particular  clamps  illustrated  have  round  ends  which  are  inserted  in 
holes  drilled  in  the  work.  Of  course,  such  clamps  can  only  be  used 
when  the  holes  are  not  objectionable.  As  will  be  seen,  these  clamps 
are  not  in  the  way  of  the  planing  tool,  and  the  block  is  held  directly 
against  the  true  surface  of  the  platen. 

This  block  could  be  planed  accurately  as  follows:  A  roughing  cut 
is  first  taken  over  all  the  sides  to  remove  the  hard  outer  surface,  and 
then  one  side  is  finished.  This  finished  surface  is  next  clamped  to  the 
platen,  thus  permitting  the  opposite  side  to  be  planed.  These  two  sur- 
faces will  then  be  parallel,  provided  the  planer  itself  is  in  good  condi- 
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tion.  The  finished  sides  are  next  set  at  right  angles  to  the  platen  by 
using  an  accurate  square,  and  the  third  side  is  planed.  The  fourth 
and  last  side  is  then  finished  with  the  third  side  clamped  against 
the  platen.  By  this  method  of  holding  the  work,  it  would  be  easier 
to  secure  accurate  results  than  by  using  a  chuck;  a  chuck,  however, 
is  often  very  convenient  for  holding  small  parts. 

PlaninfiT  VerticaJ  and  Angular  SurflEbces 
When  vertical  surfaces  or  those  which  are  at  right  angles  to  the 
platen  are  to  be  planed,  a  tool  having  a  bent  end  as  shown  at  A  in 
Fig.  11  is  ordinarily  used,  unless  the  planer  has  side-heads,  in  which 
case  a  straight  tool  is  used.  The  tool-block  is  also  set  at  an  angle,  as 
shown,  by  loosening  bolts  E,  which  permit  it  to  be  swiveled  to  the  right 
or  left  from  its  vertical  position.  The  lool-block  is  set  over  in  this 
way  to  prevent  the  tool  from  dragging  over  the  planed  surface  on  the 
return  stroke.    It  should  be  explained  that  the  tool-block  of  a  planer  is 


7\g.  10.    Holdixis'  Block  directly  affikinst  PImmt  by  Flnir«r-olamps 

free  to  swing  forward  so  that  the  tool  can  lift  slightly  when 
returning  for  another  cut.  When  a  heavy  cut  is  being  taken,  the 
tool  is  sprung  sidewise  to  some  extent,  as  well  as  backward,  and  if  it 
were  held  rigidly  on  the  return  stroke,  the  cutting  edge  would  drag 
heavily  over  the  work  and  this  would  soon  dull  the  edge.  When  a 
horizontal  surface  is  being  planed,  the  tool  on  its  return  tends  to  lift 
upward  at  right  angles  to  the  surface,  because  the  tool-block  is  then 
set  square  with  the  platen.  If,  however,  the  tool-block  were  left  in 
this  position  for  vertical  planing,  the  tool-point  would  swing  upward 
in  a  plane  y-y,  and  drag  over  the  finished  surface,  but  by  setting  the 
block  in  an  angular  position,  as  shown,  the  tool-point  swings  in  a 
plane  x-x,  or  at  right  angles  to  the  axis  a-^  of  the  pin  on  which 
the  block  swivels.  As  plane  x-x  is  at  an  angle  with  the  surface  of  the 
work,  the  tool-point  moves  away  from  the  finished  surface  as  soon  as 
it  swings  upward.  The  angular  position  of  the  tool-block  does  not,  of 
course,  affect  the  direction  of  the  tool's  movement,  as  this  is  governed 
by  the  position  of  slide  ;Sf  which  is  changed  by  swiveling  the  graduated 
base  D. 

A  vertical  surface  Is  planed  by  adjusting  the  saddle  G,  horizontally 
along  the  cross-rail  until  the  tool  is  in  position  for  taking  a  cut.  The 
tool  is  then  fed  down  by  hand,  until  the  cut  is  started,  after  which 
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the  vertical  feed  is  engaged,  thus  causing  slide  S  and  the  tool  to  feed 
downward  a  certain  amount  for  each  stroke,  while  the  saddle  remains 
stationary  on  the  cross-rail.  The  surface  y-j/  will  be  planed  square 
with  the  platen,  provided  the  swiveling  base  D  is  set  in  the  proper 
position.  Before  planing  surfaces  that  are  intended  to  be  square  with 
the  platen,  the  position  of  the  tool-slide  B  should  be  noted  by  referring 
to  the  graduation  marks  on  the  base  D.  When  the  zero  marks  on  the 
stationary  and  swiveling  parts  of  the  base  exactly  coincide,  the  slide 
should  be  at  right  angles  to  the  platen.  Its  position,  however,  can  be 
determined  more  accurately  by  holding  the  blade  of  a  square  which 


Flgr.  1 1 .    Posltlona  of  Tool  and  Head  for  PUminff  Vertical  and  Angular  Surfaces 

rests  on  the  platen,  against  one  side  of  the  tool-slide,  as  it  is  difficult  to 
set  graduation  lines  to  exactly  coincide,  and  even  though  they  were  in 
line,  errors  might  result  from  other  causes. 

The  planing  of  an  angular  surface  is  illustrated  at  B.  The  tool-head 
is  first  set  to  the  proper  angle  by  loosening  bolts  F  and  turning  the 
base  D  until  the  graduations  show  that  it  is  moved  the  required  numbej 
of  degrees.  For  example,  if  surface  s  were  to  be  planed  to  an  angle  of 
60  degrees  with  the  base,  as  shown,  the  head  should  be  set  over  30 
degrees  from  the  vertical  or  the  difference  between  90  and  60  degree& 
The  tool  would  then  be  fed  downward,  as  indicated  by  the  arrow. 
The  tool-block  is  also  set  at  an  angle  with  slide  8y  when  planing  angular 
surfaces,  so  that  the  tool  will  swing  clear  on  the  return  stroke.  The 
top  of  the  block  should  always  be  turned  axcay  from  the  surface  to 
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be  planed,  which  applies  to  the  planing  of  either  vertical  or  anguiar 
surfaces  when  using  the  cross-rail  head. 

An  example  of  angular  work  is  illustrated  in  Fig.  12,  which  shows 
a  planer  arranged  for  planing  the  V-shaped  ways  or  guides  on  the 
bottom  of  a  planer  platen.  Both  tool  slides  are  set  to  the  required 
angle  for  planing  one  side  of  each  vee.  As  there  are  two  tool-heads, 
both  vees  can,  of  course,  be  planed  simultaneously.    The  sides  of  the 


Flff.  12.    Double-head  Planer  set  for  Planlntr  Angular  Burfaoea 

platen  are  also  planed  at  the  same  setting  by  tools  held  in  the  side- 
heads. 

Position  of  the  Tool  and  Cross-rail- Alignment  of  Cross-rail 
The  tool  should  be  set  about  square  with  the  work,  as  shown  at  A, 
Fig.  13,  when  planing  horizontal  surfaces.  If  it  is  clamped  in  the 
tool-bloclc  at  an  angle,  as  shown  at  B,  and  the  lateral  thrust  or  pres- 
sure of  the  cut  is  sufficient  to  move  the  tool  sidewise,  the  cutting  edge 
will  sink  deeper  into  the  metal,  as  indicated  by  the  dotted  line, 
whereas  a  tool  that  is  set  square  will  swing  upward.  Of  course,  any 
shifting  of  the  tool  downward  may  result  in  planing  below  the  level  of 
the  finished  surface  which  would  spoil  the  work.  The  tool  should  also 
be  clamped  with  the  cutting  end  quite  close  to  the  tool-block,  so  that 
it  will  be  rigidly  supported. 
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As  previously  mentioned,  the  cross-rail  should  be  lowered  until  it  is 
quite  close  to  the  top  surface  of  the  work.  If  it  is  set  much  higher 
than  the  work,  the  tool-slide  has  to  be  lowered  considerably  to  bring 
the  tool  in  position  for  planing;  consequently,  both  the  slide  and  the 
tool  extend  below  the  rail  and  they  are  not  backed  up  and  supported 
against  the  thrust  of  the  cut  as  solidly  as  when  the  rail  is  more 
directly  In  the  rear.  The  vertical  adjustment  of  the  cross-rail  on  the 
face  of  the  housings  is  effected  by  two  Screws  which  are  connected 
through  bevel  gearing  with  the  horizontal  shaft  V  (Fig.  1)  at  the  top. 
On  small  planers  this  shaft  is  turned  by  hand,  but  on  larger  ones  it  is 
driven  by  a  belt.  Before  making  the  adjustment,  bolts  at  the  rear 
which  clamp  the  cross-rail  to  the  housings  must  be  loosened,  and  care 
should  be  taken  to  again  tighten  these  bolts  before  using  the  planer. 
The  ways  on  which  the  cross-rail  slides,  should  be  wiped  clean  before 


Fiff.  18.    Ck>rrect  and  Inoorreot  Posltloxui  for  PUminff  Tool 

making  an  adjustment,  to  prevent  dirt  from  getting  back  of  the  rail 
as  this  would  affect  its  alignment. 

The  cross-rail  of  a  planer  which  is  in  good  condition,  is  parallel  with 
the  upper  surface  of  the  platen,  so  that  the  planing  tool,  as  it  feeds 
horizontally,  moves  in  a  line  parallel  with  the  platen.  Unfortunately 
this  alignment  is  not  always  permanent  and  if  accurate  work  is  to  be 
done,  especially  on  a  planer  that  has  been  in  use  a  long  time,  it  is 
well  to  test  the  cross-rail's  position. 

One  method  of  making  this  test  is  as  follows:  An  ordinary  microm- 
eter is  fastened  to  the  tool-head  in  a  vertical  position  either  by  clamp- 
ing it  to  the  butt  end  of  a  tool,  or  in  any  convenient  way,  and  the  head 
is  lowered  until  the  end  of  the  micrometer  thimble  is  slightly  above 
the  platen.  The  thimble  is  then  screwed  down  until  the  end  just 
touches  the  surface  to  be  tested,  and  its  position  is  noted  by  referring 
to  the  regular  graduations.  The  thimble  is  then  screwed  up  slightly 
for  clearance  and,  after  the  tool-head  is  moved  to  the  opposite  side,  it 
is  again  brought  into  contact  wilh  the  platen.     The  second  reading 
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will  then  show  in  thousandths  of  an  inch  any  variations  in  the  cross- 
rail's  position. 

Multiple  or  Oanff  Planinff-Use  of  Planer  with 
Double-  and  Side-heads 

When  a  number  of  duplicate  parts  have  to  be  planed,  much  time 
can  often  be  4saved  by  arranging  the  castings  in  a  straight  row  along 
the  platen  so  that  they  can  all  be  planed  at  the  same  time.  This 
method  enables  a  number  bf  parts  to  be  finished  more  quickly  than 
would  be  possible  by  machining  them  separately,  and  it  also  insures 
duplicate  work.    An  example  of  multiple  or  gang  planing  is  shown  in 


Flff.  14.    Planlnff  a  Row  of  Duplicate  Parta 

Fig.  14.  The  particular  castings  illustrated  are  the  "saddles"  of  planer 
tool-heads  and  eight  castings  are  being  planed  at  the  same  time.  Both 
tool-heads  are  in  use,  and  the  tops  and  sides  of  the  castings  are  finished 
at  this  setting. 

This  method  of  planing  cannot  always  be  employed  to  advantage 
as  the  shape  of  the  work  or  location  of  the  surfaces  to  be  machined 
sometimes  makes  gang  planing  impracticable  and  even  impossible.  If 
the  castings  are  so  shaped  that  there  will  be  considerable  space  between 
the  surfaces  to  be  planed,  when  they  are  placed  in  a  row,  so  much 
time  might  be  wasted  while  the  tool  was  passing  between  the  different 
surfaces  that  it  would  be  better  to  plane  each  part  separately.  Some 
castings  also  have  lugs  or  other  projections  which  make  it  impossible 
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for  the  tool  to  pass  from  one  to  the  other  without  being  raised  to  clear 
the  obstruction.  On  the  other  hand,  when  castings  are  quite  sym- 
metrical in  form  and  the  surfaces  are  so  located  that  the  planing  tool 
can  pass  from  one  to  the  other  with  a  continuous  stroke,  as  indicated 
in  Fig.  14,  the  gang  method  of  planing  insures  a  uniform  product  and 
greatly  reduces  the  time  required  for  machining. 

Two  or  more  tools  can  often  be  used  at  the  same  time  in  connection 
with  many  planing  operations.  Fig.  15  shows  a  cross-section  of  an 
engine  bed  and  illustrates  how  a  double-head  planer  would  be  used  on 
this  particular  job.  The  tool  to  the  left  is  started  first  because  it  is 
the  leading  tool,  as  determined  by  the  direction  of  the  feed.     This  is 


^^eMnerj^ 


Fig.  10.    Pl«nlnir  Two  Borfaoes  BlmnltAn«oasly  with  Two-be«td  Planer 

a  good  rule  to  follow  especially  when  the  tool-heads  r.re  quite  close,  as 
it  prevents  one  head  from  feeding  against  the  other,  which  might  occur 
if  the  following  tool  were  started  first.  The  tools  illustrated,  cut  prin- 
cipally on  the  side  and  are  intended  for  deep  roughing  cuts  in  cast 
iron.  The  surfaces  should  be  finished  with  a  broad  tool  with  a  wide 
feed.  If  the  planer  were  heavy  and  rigid,  a  feed  of  ^  or  %  inch  for 
each  stroke,  or  even  more,  could  be  used  for  the  finishing  cut,  but 
if  the  planer  were  rather  light  or  in  poor  condition,  it  might  be  neces- 
sary to  reduce  the  feed  to  %  inch  or  less,  to  avoid  chatter.  It  is 
impossible  to  give  any  fixed  rule  for  the  amount  of  feed  as  this  is 
governed  not  only  by  the  planer  itself,  but  also  by  the  rigidity  of  the 
work  when  set  up  for  planing,  the  hardness  of  the  metal,  etc.  The 
final  cut  should  be  taken  by  a  single  tool'  to  insure  finishing  both 
sides  to  the  same  height.  This  tool  should  be  fed  by  power  from  a  to  &. 
and  then  rapidly  by  hand  from  Z)  to  c  for  finishing  the  opposite  side. 
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The  use  of  two  tools  for  rough   planing,   greatly  reduces  the  time 
required  for  machining  work  of  this  kind. 

A  typical  example  of  the  class  of  planer  work  on  which  a  side-head 
can  be  used  to  advantage,  is  shown  in  Fig.  16.  The  operation  Is  that 
of  planing  the  edge  and  face  of  a  large  casting.  The  tool  in  the  side- 
head  is  rough  planing  the  vertical  surface,  while  the  other  tool  planes 
the  edge.  As  the  side-tool  has  the  broadest  surface  to  plane,  it  is  started 
first.  On  some  work  two  side-tools  can  be  used  simultaneously.  The 
use  of  both  cross-rail  tool-heads  at  the  same  time  is  very  common  in 


Fiff.  16.    Planlnff  Top  Bdffe  and  Side  of  Oa8tlimr>— Illuatratlnff  uae  of  BIde-head 

connection  with  modern  planer  practice.  Whether  it  is  feasible  to  use 
one  tool  or  four,  simultaneously,  depends  altogether  on  the  shape  of 
the  work  and  the  location  of  the  surfaces  to  be  machined.  Very  often 
only  one  tool  can  be  used  and,  occasionally,  four  tools  can  be  operated 
at  the  same  time,  provided,  of  course,  the  planer  is  equipped  with  four 
heads.  There  are  few  fixed  rules  which  can  be  applied  generally  to 
planer  work,  'because  the  best  way  to  set  up  and  plane  a  certain  part 
depends  on  its  shape,  the  relative  location  of  the  surfaces  to  be  finished, 
the  degree  of  accuracy  necessary,  and  other  things  which  vary  for 
different  kinds  of  work.  Before  beginning  to  plane  any  part,  it  is 
well  to  consider  carefully  just  what  the  requirements  are  and  then 
keep  them  In  mind  as  the  work  progresses. 
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HOLDING  AND  SBTTINa  WORK  ON  THE  PLANER 


A  great  deal  of  the  work  done  on  a  planer  is  very  simple  as  far 
as  tlie  actual  planing  is  concerned,  but  often  considerable  skill  and 
Ingenuity  are  irequired  in  setting  the  work  on  the  planer  and  clamping 
it  in  the  best  manner.  There  are  three  things  of  importance  that 
should  be  considered  when  doing  work  of  this  kind.  First,  the  casting 
or  forging  must  be  held  securely  to  prevent  its  being  shifted  by  the 
thrust  of  the  cut;  second,  the  work  should  not  be  sprung  out  of  shape 
by  the  clamps;  and  third,  the  work  must  be  held  in  such  a  position 


Fiff.  17.    Ol&mps  for  Attaching  Work  to  Planer  PUtan 

that  it  will  be  possible  to  finish  all  the  surfaces  that  require  planing, 
in  the  right  relation  with  one  another.  Frequently  a  little  planning 
before  the  "setting  up*'  operation,  will  avoid  considerable  worry  after- 
wards, to  say  nothing  of  spoiled  work. 

Different  Forms  of  Planer  Clamps  and  Bolts 
Most  of  the  work  done  on  a  planer  is  clamped  directly  to  the  platen. 
A  form  of  clamp  that  is  often  used  is  shown  at  A  in  Fig.  17,  c  being 
the  clamp  proper,  h  the  bolt,  and  d  the  packing  block  on  which  the 
outer  end  of  the  clamp  rests.  Obviously  when  the  bolt  is  tightened, 
the  clamp  presses  the  work  downward  against  the  platen,  and  as  this 
pressure  is  greatest  when  the  bolt  is  close  to  the  work,  it  should,  if 
possible,  be  placed  in  that  position.  If  the  bolt  were  located  near  the 
packing  block,  the  latter  would  be  held  tightly  instead  of  the  work. 
Another  point  to  be  observed  Is  the  height  of  the  packing  block.    Tiiis 
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height  X  should  equal  the  height  y  of  the  part  being  clamped,  provided 
a  straight  clamp  is  used.  The  end  of  the  clamp  will  then  have  an 
even  bearing  on  the  work  which  will  be  held  more  securely  than  it 
would  be  if  the  clamp  were  inclined  so  that  all  the  bearing  was  on 
the  end  or  at  the  edge  of  the  work.  Packing  blocks  are  made  of  either 
hard  wood  or  cast  iron. 


1 

r^nj 

"^ 

3iachinery\ 

Flff.  18.    Off -set  OUmp 

An  excellent  form  of  clamp,  known  as  the  U-clamp,  is  shown  at  B. 
This  type  is  made  by  simply  bending  a  square  or  rectangular  bar  of 
steel  around,  as  shown,  so  as  to  form  a  slot  in  which  the  bolts  can  be 
placed.  This  <>ontinuous  slot  enables  a  bolt  to  be  located  in  the  best 
position,  which  is  not  always  the  case  with  clamps  having  holes. 

Bent  or  off-set  clamps  are  preferable  to  the  straight  type  for  holding 
certain  kinds  of  work.  Fig.  18  shows  an  off-set  clamp  applied  to  a 
casting  which,  we  will  assume,  is  to  be  planed  on  the  top.    If  in  this 
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Fiff.  10.    Method*  of  Clamping  Work  which  cannot  b«  held  by  Ordinary  Means 

case  a  straight  clamp  were  used,  the  clamping  nut  might  be  high 
enough  to  interfere  with  the  planer  tool,  but  the  off-set  clamp  enables 
a  shorter  bolt  to  be  used. 

Frequently  the  "finger"  clamps  illustrated  at  A  and  B  in  Fig.  19  are 
convenient  if  not  absolutely  necessary.  This  type  is  used  for  holding 
work  which  cannot  be  held  by  ordinary  means  without  interfering 
with  the  planer  tooL  The  style  to  the  left  has  a  round  end  which 
enters  a  hole  drilled  in  the  work,  whereas  the  clamp  to  the  right  has 
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a  flat  end  which  engages  a  milled  slot.  Aji  illustration  of  the  use  of 
finger  clamps  is  given  in  connection  with  Fig.  10,  Chapter  II.  As 
previously  stated,  they  are  only  adapted  to  work  in  which  holes  or 
slots  are  not  objectionable.  Sometimes  these  clamps  can  be  inserted 
in  cored  pockets  or  holes  that  are  needed  for  other  purposes.  Sketch  C 
illustrates  a  method  that  is  sometimes  resorted  to  when  there  are 
no  projections  for  clamps  and  when  holes  or  slots  are  not  desirable. 
The  clamps  are  placed  in  an  angular  position  between  the  work  and 
stop-pins  8  or  strips  clamped  to  the  platen,  and  when  the  bolts  are 
tightened,  the  work  is  forced  downward.  The  bolt  holes  are  elongated 
to  permit  the  angular  position  of  the  clamps  to  be  varied  somewhat,  and 
the  nuts  bear  on  the  curved  ends. 


Fiff.  so.    Planer 


Bolta—Stop^plna— Uae  of  Stop-plus 


Three  styles  of  bolts  that  are  generally  used  for  planer  work  are 
shown  at  A,  Fig.  20.  Bolt  a  has  a  square  head  so  that  it  must  be 
inserted  at  the  end  of  a  platen  slot  and  tlien  be  moved  to  the  required 
position.  Occasionally  it  is  desirable  to  place  a  bolt  through  some 
opening  in  a  casting,  in  which  case  the  bolt  h  can  be  used.  The  head 
is  narrow  enough  to  be  inserted  in  the  T-slot  from  above,  and  when* 
the  bolt  is  given  a  quarter  turn,  it  is  held  the  same  as  the  square- 
headed  type.  Another  style  is  shown  at  c  which  can  be  inserted  from 
above.  The  lower  end  or  head  of  this  bolt  is  in  the  form  of  a  nut 
planed  to  fit  the  T-slot.  When  the  bolt  is  to  be  inserted  from  above, 
this  nut  is  moved  along  the  T-slot  to  the  proper  position  and  then  the 
bolt  is  screwed  into  it  after  which  the  upper  clamping  nut  is  tightened. 

Stop-pins  and  Braces 

It  would  be  very  difficult  to  hold  work  securely  by  using  only  clamps 

and  bolts,  because  the  pressure  of  the  clamp  is  in  a  vertical  direction, 

whereas  the  thrust  of  the  cut  is  in  a  horizontal  direction,  which  tends 

to  shift  the  work  along  the  platen.    To  prevent  such  a  mtovement,  prac- 
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tically  all  work  that  is  clamped  to  the  platen  is  further  secured  by 
one  or  more  stop-pins  «,  which  are  placed  at  one  end  of  the  part  being 
planed  as  indicated  at  D,  Fig.  20.  These  pins  are  generally  made  in 
two  styles,  one  of  which  has  a  shank  that  fits  the  holes  in  the  planer 
platen  as  shown  at  B,  and  the  other  an  end  which  enters  the  T-slot 
as  at  C.  By  having  one  type  for  holes  and  another  for  T-slots,  the 
stop-pins  can  be  located  in  practically  any  position.  After  the  pins  ' 
are  inserted  in  the  platen,  the  screws  shown  are  adjusted  against  the 
work.  Stop-pins  are  ordinarily  placed  at  one  end  of  the  work  to  take 
the  thrust  of  the  cut,  and  sometimes  they  are  needed  along  the  sides 
to  prevent  lateral  movement.  The  screws  of  some  stop-pins  are 
inclined,  as  shown  at  C,  in  order  to  force  the  work  down  against  the 
platen.    These  pins  are  also  made  without  adjusting  screws. 


Flff.  SI*    Hlffh  Work  Bupported  by  Br»oe  which  takee  Thmst  of  Cut 

Some  castings  have  surfaces  to  be  planed  that  are  a  considerable 
distance  above  the  platen,  a^  shown  in  Fig.  21,  which  illustrates  a 
large  pillow-block  set  up  for  planing  the  base.  As  will  be  seen,  the 
end  resting  on  the  platen  is  comparatively  small,  and  if  the  casting 
were  simply  clamped  at  the  lower  end,  it  would  tend  to  topple  over 
when  being  planed,  because  the  thrust  of  the  tool  is  so  far  above  the 
point  of  support.  To  prevent  any  such  movement,  braces  B  are  used. 
These  braces  serve  practically  the  same  purpose  as  stop-pins.  The 
style  of  brace  shown  has  a  hinged  piece  in  its  lower  end,  which  enters 
a  hole  in  the  platen,  and  the  body  of  the  brace  is  a  piece  of  heavy 
pipe.  At  the  upper  end  there  is  an  adjustable  fork-shaped  piece  which 
engages  the  work,  and  the  hinged  joint  at  the  lower  end  enables  the 
brace  to  be  placed  at  any  angle.  In  some  shops,  wooden  blocks  are 
used  as  braces.  The  arrangement  of  these  braces  and  the  number 
employed  for  any  given  case,  depends  of  course  on  the  shape  and  size 
of  the  casting,  and  this  also  applies  to  the  use  of  stop-pins  and  clamps. 
The  location  of  all  braces  and  clamping  appliances  should  be  detei- 
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mined  by  considering  the  strains  to  which  the  part  will  be  subjected 
during  the  planing  operation. 

Use  of  Stop-pins  and  Planer  Strip— Parallel  Strips 
An  arrangement  which  can  often  be  used  to  advantage  in  place  of  a 
chuck  is  shown  in  Fig.  22.    The  part  to  be  planed  is  held  between  ordi- 


Fiff.  22.    Work  held  between  Btop-plns  and  Strip  Bolted  to  Platen 

nary  stop-pins  8  and  a  "planer  strip''  P  that  is  bolted  to  the  platen. 
This  strip  has  a  tongue  piece  t,  which  fits  into  the  T-slot  and  locates 
the  side  a  parallel  to  the  travel  of  the  platen.  A  stop-pin  should  be 
placed  against  the  end  h  of  the  work  to  prevent  longitudinal  movement. 
Parallel  strips  are  placed  beneath  parts  to  be  planed  usually  for  the 
purpose  of  raising  them  to  a  suitable  height,  or  to  align  a  finished 


UiaeMn»ru 


Plff.  28.    ninatratlon  ehowlnff  use  of  Parallel  Stripe 

surface  on  the  under  side  with  the  platen,  when  such  a  surface  can- 
not be  placed  in  direct  contact  with  the  platen.  These  strips  are  made 
in  pairs  of  different  sizes  and  their  sides  are  square  and  parallel  to 
one  another.  An  example  showing  the  use  of  parallels  in  connection 
with  chuck  work,  is  illustrated  in  Fig.  23.  If  the  part  W  were  placed 
down  on  the  bottom  of  the  chuck,  the  top  surface  would  be  lower  than 
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the  chuck  jaws  and  the  latter  would  interfere  with  the  planing  tool. 
By  mounting  the  work  on  two  parallel  strips  8,  it  is  raised,  and  at  the 
same  time  the  under  side  is  kept  in  line  with  the  chuck,  provided  the 
parallels  are  accurate  and  the  work  is  properly  "bedded"  on  them. 

Holding  Oastings  of  Irregular  Shape-Holdlng  Thin  Work 
The  method  of  holding  an  odd-shaped  casting  on  an  angle-plate  is 
illustrated   in  Fig.   24.     The   angle-plate  A  has  two   faces  a   and    h 


MaoMn*rw 


Flff.  fl4.    Odd-ab*ped  Oastlnff  att»ohed  to  Aiiffl«-plate 
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Fig,  26.    Uae  of  Anirlo-P^te  in  Oonjxmctlon  with  Olamps  for  Holding  Work 

which  are  square  with  each  other,  and  the  work  W  is  bolted  or  clamped 
to  the  vertical  face,  as  shown.  The  arrangement  of  the  clamps  or  bolts 
depends,  of  course,  on  the  shape  of  the  work.  The  particular  part  illus- 
trated, which  is  to  be  planed  at  /,  is  held  by  bolts  inserted  through 
previously  drilled  holes,  and  the  left  end  is  supported  by  a  clamp  C, 
set  against  the  under  side  to  act  as  a  brace  and  take  the  downward 
thrust  of  the  cut.  Angle-plates  are  generally  used  for  holding  pieces, 
which,  because  of  their  odd  shape,  cannot  very  well  be  clamped  directly 
to  the  platen.  Occasionally  an  angle-plate  can  be  used  in  conjunction 
with  clamps  for  holding  castings,  as  illustrated  in  Fig.  25.     In  this 

Digitized  by  CjOOQ IC 


THE  PLANER 


25 


example  the  angle-plate  A  is  placed  across  the  platen  and  serves  as 
a  stop  for  taking  the  thrust  of  the  cut.  The  flange  on  the  oppo- 
site end  is  supported  by  a  block  B  against  which  the  casting  is  clamped. 

Some  castings  are  so  shaped  that  a  great  deal  of  time  would  be 
required  for  clamping  them  with  ordinary  means  and  for  such  work, 
special  fixtures  are  often  used.  These  fixtures  are  designed  to  support 
the  casting  in  the  right  position  for  planing,  and  they  often  have 
clamps  for  holding  it  in  place.  Some  work  which  could  be  clamped 
to  the  platen  in  the  usual  way,  is  held  in  a  fixture  because  less  time  is 
required  for  setting  it  up.  This  is  the  practice  where  a  large  number 
of  pieces  have  to  be  planed. 

When  it  is  necessary  to  plane  thin  plates  or  similar  work  which 
cannot  be  clamped  in  the  usual  way,  either  wedge-shaped  or  pointed 
pieces  similar  to  those  shown  at  A  and  B,  Fig.  26,  are  used.  These  are 
known  as  "H>ud8"  or  "toe-dogs,"  and  one  way  in  which  they  are  applied 
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Flff.  SO.    Method  of  Holding  Thin  Flat  Pl»t«a  while  PUnlnff 

is  indicated  at  C.  Stop-pins  s  are  inserted  in  the  platen  on  each  6ide 
of  the  work,  and  the  dogs  are  forced  against  the  work  by  tightening 
the  screws.  Owing  to  the  angular  position  of  the  dogs,  the  work  is 
pressed  down  against  the  platen.  The  inclination  should  not  be  too 
great,  as  the  outer  end  of  the  dog  will  move  upward  when  the  screws 
are  tightened,  without  transmitting  any  pressure  to  the  work.  One  or 
more  stop-pins  p  should  be  placed  in  front  of  the  part  being  planed 
to  take  the  thrust,  and  at  least  two  dogs  will  be  required  on  each  side 
unless  the  work  is  comparatively  short. 

Planing  Bound  Work 
The  planer  is  sometimes  used  for  cutting  keyways  or  splines  in 
shafts,  and  occasionally,  other  round  work  requires  a  planing  opera- 
tion. In  order  to  hold  and  at  the  same  time  align  round  work  with  tke 
platen,  V-b locks  (Fig.  27),  are  used.  These  blocks  'have  a  tongue 
piece  t  at  the  bottom  which  fits  the  T-slots  in  the  platen,  and  the  upper 
part  of  the  block  is  V-shaped  as  shown  in  the  end  view.  This  angular 
groove  is  central  with  the  tongue  piece  so  that  it  holds  a  round  shaft 
in  alignment  with  the  T-slot,  which  is  parallel  with  the  travel  of  the 
platen.    The  diameter  of  a  shaft  held  in  one  of  these  blocks  can  vary 
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considerably,  as  indicated  by  the  two  circles,  without  affecting  the 
alignment.  In  other  words,  the  centers  c  and  Ci  of  the  larfje  and  small 
circles,  respectively,  coincide  with  the  vertical  center  line. 

Fig.  28  shows  how  a  shaft  is  held  while  a  keyseat  is  being  planed 
in  the  end.  Only  one  V-block  is  shown  in  the  illustration,  but  ordi- 
narily the  opposite  end  of  the  shaft  would  be  supported  in  a  block 
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Piff.  27.    V-block  for  Holding  Oylizidrlcal  Parts 

of  corresponding  size.  Before  the  planing  operation,  a  hole  h  is  drilled 
to  form  a  clearance  space  for  the  planing  tool.  The  keyseat  is  then 
planed  by  using  a  square-nose  tool,  and  if  the  V>blocks  are  accurately 
made,  it  will  be  in  line  with  the  axis  of  the  shaft. 

Fig.  29  illustrates  how  V-blocks  are  used  in   locomotive  shops  for 
holding  a  piston-rod  while  the  cross-head,  which  is  mounted  on  tne 


Flff.  28.    End  of  Shaft  Clamped  In  V-block 

end,  is  being  planed.  The  bearing  surfaces  of  the  cross-head  must  be 
in  line  with  the  rod  which  fits  a  tapering  hole  in  one  end.  By  assem- 
bling the  cross-head  and  rod  and  then  mounting  the  latter  in  V-blocks, 
the  bearing  surfaces  are  planed  in  alignment  with  the  rod. 

A  good  method  of  making  a  pair  of  accurate  V-blocks  is  as  follows: 
First  plane  the  bottom  of  each  block  and  form  the  tongue  piece  t. 
Fig.  27,  to  fit  closely  the  platen  T-slots.    Then  bolt  both  blocks  in  line 
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on  the  platen  and  plane  them  at  the  same  time  so  that  they  will  be 
exact  duplicates.  A  square  slot  or  groove  is  first  planed  at  the  bottom 
of  the  vee,  as  shown,  to  form  a  clearance  space  for  the  tool.  The  head 
is  then  set  to  the  required  angle  and  one  side  of  the  vee  is  planed. 
The  blocks  are  then  reversed  or  turned  "end  for  end"  and  the  opposite 
side  is  finished  without  disturbing  the  angular  setting  of  the  head. 
This  method  of  reversing  the  work.  Instead  of  setting  the  head  to  the 
opposite  angle,  insures  equal  angles  for  both  sides  and  a  vee  that 
is  exactly  central  with  the  tongue  piece. 

A  special  planer  strip  which  is  used  in  conjunction  with  screw- 
stops  for  holding  round  parts,  is  illustrated  in  Fig.  30.  The  strip  has 
an  angular  face  /  so  that  pressure  from  the  screws  8  tends  to  force  the 


Plff.  fl9.    Piston-rod  and  Attached  Croas-head  Mounted  In  V-blocks  for  Planing 

shaft  down  against  the  platen  as  well  as  against  the  strip  itself.    This 
angular  face  is  aligned  with  the  platen  by  the  tongue  piece  t. 

Distortion  of  Work 

When  castings  or  forgings  are  set  up  on  the  planer  for  taking  the 
first  cut»  usually  the  side  that  is  clamped  against  the  platen  is  rough 
and  uneven,  so  that  the  work  bears  on  a  few  high  spots.  This  condi- 
tion is  fihown  illustrated  on  an  exaggerated  scale  in  Fig.  31,  which 
shows  a  casting  that  bears  at  a  and  b,  but  does  not  touch  the  platen 
at  the  ends  where  the  clamping  is  to  be  done.  If  the  clamps  were 
tightened  without  supporting  the  work  at  the  end,  the  entire  casting 
would  probably  be  sprung  out  of  shape  more  or  less,  depending  on  its 
rigidity,  with  the  result  that  the  planed  surface  would  not  be  true 
after  the  clamps  were  released,  because  the  casting  would  then  resume 
its  natural  shape.  To  prevent  inaccurate  work  from  this  cause,  there 
should  always  be  a  good  bearing  just  beneath  the  clamps,  which  can 
be  obtained  by  inserting  pieces  of  sheet  metal,  or  even  paper  when 


Digitized  by  VjOOQ IC 


28 


Mo.  (^3— OPERATION  OF  MACHINE  TOOLS 


the  unevennesB  is  slight.  Thin  copper  or  iron  wedges  are  also  used 
for  "packing"  under  the  clamps.  It  is  good  practice  when  accuracy  is 
required  and  the  work  is  not  very  rigid,  to  release  the  clamps  slightly 
before  taking  the  finishing  cut  This  allows  the  part  to  spring  back 
to  its  normal  shape  and  the  finished  surface  remains  true  after  the 
clamps  are  released. 
Very  long  castings  or  those  which  are  rather  frail  but  quite  large  and 


FliT*  80.    Method  of  Holdln^r  Shaft  for  Splinlnff  or  Keyaeatlnflr 

heavy,  sometimes  bend  by  their  own  weight  or  are  sprung  out  of  shape 
by  the'pressure  of  the  planing  tool,  unless  supported  at  the  weak  points. 
In  such  a  case  Jacks,  such  as  the  one  illustrated  in  Fig.  32,  form  a  very 
convenient  means  of  support.  This  particular  Jack  has  a  ball  Joint  at 
the  top  which  allows  the  end  to  bear  evenly  on  the  work,  and  the 
screw  can  be  locked  after  adjustment  to  prevent  it  from  Jarring 
loose.  These  jacks,  which  are  made  in  different  heights  can  also  be 
used  in  various  ways  for  supporting  work  being  planed.    Fig.  29  shows 
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Flff.  81.    Olaas  of  Work  which  ia  sometimes  Distorted  by  Olampin^ 

a  practical  application  of  planer  Jacks,  two  being  inserted  beneath  the 
cross-head  to  prevent  any  downward  spring.  Hard-wood  blocks  cut 
to  the  right  length  fire  also  used  as  supports. 

Castings,  even  though  properly  clamped,  are  sometimes  sprung  out  of 
shape  by  the  internal  stresses  existing  in  the  casting  itself.  These 
stresses  are  caused  by  the  unequal  cooling  of  the  casting  in  the  foun- 
dry. When  a  casting  is  made,  the  molten  metal  which  comes  in  con- 
tact with  the  walls  of  the  mold,  naturally  cools  first  and,  in  cooling, 
contracts  and  becomes  solid  while  the  interior  is  still  more  or  less 
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molten.  The  result  is  that  when  the  interior  cools  and  contracts,  the 
tendency  is  to  distort  the  part  which  solidified  first,  and  internal 
stresses  are  left  in  the  casting.  These  stresses  often  act  in  opposite 
directions  and  when  a  roughing  cut  is  taken  from  one  side  of  such  a 

casting,  thus  relieving  the  stress  on 
that  side,  a  slight  distortion  takes 
place.  This  is  Illustrated  on  an  ex- 
aggerated scale  in  Fig.  33.  Suppose 
a  casting  is  clamped  as  at  A,  so  as  to 
avoid  all  spring,  and  then  a  roughing 
cut  is  taken  over  side  a,  thus  remov- 
ing the  hard  outer  surface.  The 
chances  are  that  the  shape  would 
change  as  shown  (exaggerated)  hy 
the  dotted  lines,  because  the  stresses 
which  formerly  counteracted  tnose  of 
the  opposite  Side  are  now  removed. 
Let  us  asisume  that  the  casting  is 
next  turned  over  and  clamped  as  at 
B  without  springing  it  by  the  pres- 
sure of  the  clamps.  If  a  roughing  cut 
is  then  taken  from  the  opposite  side 
h,  another  change  would  probably  oc- 
cur because  this  would  relieve  the  tension  or  stress  of  that  side.  The 
work  would  then  assume  what  might  be  called  its  natural  shape,  and  if 
both  sides  were  then  finished,  they  would  tend  to  remain  true,  though 
slight  changes  might  occur  even  then.  Because  of  this  tendency  to 
distortion  as  the  result  of  internal  stresses,  all  work,  especially  if  not 
rigid,  should  be  rough-planed  before  any  finishing  cuts  are  taken.    Of 


Plff.  sa.    Planer  Jaok 


Flff.  88.   Diagrams  iUnatratinir,  on  Bxaffirerated  Scale.  Distortion 
from  Internal  Streasee 

course,  such  a  change  of  shape  does  not  always  occur,  because  the 
stresses  may  be  comparatively  slight  and  the  planed  surface  so  small 
in  proportion  to  the  size  of  the  casting,  that  distortion  is  impossible. 

Another  important  point  in  setting  work  is  to  locate  it  so  that  all 
surfaces  to  be  planed  ^an  be  finished  to  the  required  dimensions.  On 
some  work  it  is  also  desirable  to  have  a  planed  part  fairly  tru6  with  a 
surface  which  remains  rough,  either  to  secure  a  neater  finish  or  for 
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more  important  reasons.  Therefore,  when  either  a  casting  or  forging 
is  being  set  up  on  the  planer,  it  should  be  located  according  to  the 
requirements  for  that  particular  part.  As  an  illustration,  suppose  a 
flange  a,  the  boss  &  and  the  surface  c  of  a  cast-iron  cover  plate.  Fig.  34, 
is  to  be  planed  so  that  the  distance  between  these  surfaces  corresponds 
to  the  dimensions  given  on  the  drawing.  The  first  operation  would 
be  to  plane  the  side  c,  the  work  being  set  up  in  the  position  indicated 
at  A.  The  casting  is  first  set  about  parallel  with  the  platen,  but  it 
should  be  remembered  that  th^  surface  which  is  set  level  or  parallel  is 
not  necessarily  the  one  to  be  planed.  In  this  case  the  side  d  is  to 
remain  rough,  and  it  is  desirable  to  have  a  uniform  thickness  x  when 
the  cover  is  finished;  therefore  the  casting  Is  set  by  side  d  rather  than 
by  the  upper  surface  c,  or  in  other  words,  is  located  so  that  the  finished 
surface  will  be  true  with  the  rough  side  of  the  casting. 
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Flfir.  84.    Diagram  lllustratlnsr  Points  relating  to  Poaltion  of  Work 

The  amount  of  metal  to  remove  when  planing  side  c  must  be  deter- 
mined by  considering  the  relation  of  this  side  to  the  other  parts  that 
are  to  be  finished  when  the  casting  is  turned  over.  For  example,  it 
should  be  possible  to  plane  flange  (l  to  a  height  1%  (as  given  on  the 
drawing)  without  removing  too  much  or  too  little  metal  from  the 
flange.  Suppose  a  light  cut  were  taken  from  side  c.  just  deep  enough 
to  true  it  and  then  the  casting  were  turned  over,  as  indicated  at  B, 
for  finishing  the  opposite  side.  When  planing  the  flange  it  might  be 
necessary  to  make  the  thickness  t  considerably  less  than  it  should  be, 
in  order  to  secure  the  proper  height  h.  This,  however,  would  not  occur 
if  when  planing  side  c,  the  thickness  of  the  flange  as  well  as  the  height 
hy  were  considered.  Therefore,  the  relation  between"  the  different  sur- 
faces should  be  kept  in  miiiu.  Sometimes  it  is  necessary  to  set  a  cast- 
ing very  carefully  and  to  plane  off  just  the  right  amount,  in  order  to 
finish  the  other  surfaces  to  the  required  dimensions. 

The  Surface  Gage  and  Its  Use 
The  surface  gage  is  used  very  extensively  in  connection  with  planer 
work  for  scribing  lines  that  represent  finished  surfaces  and  also  for 
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setting  parts  parallel  with  the  platen.    This  tool,  which  is  shown  in 
Fig.  35,  has  a  rather  heavy  base  on  which  Is  mounted  a  rod  carrying 

a  pointer  or  scriber  fif.  The  latter  can 
be  adjusted  in  or  out  and  it  also  can 
be  moved  to  any  position  along  the  rod. 
After  the  scriber  or  pointer  has  been 
set  to  about  the  right  height,  it  can  be 
set  accurately  to  the  position  desired 
by  turning  screw  A  which  gives  a  fine 
adjustment.  There  are  two  pins  B  in 
the  base  which  can  be  pushed  down 
when  it  is  necessary  to  keep  the  gage 
in  line  with  the  edge  of  a  plate  or  the 
side  of  a  T-slot.  The  method  of  using 
a  surface  gage  for  setting  a  surface 
parallel  to  the  platen  is  indicated  in 
Fig.  36.  The  scriber  8  is  first  set  to 
just  touch  the  work  at  some  point;  the 
gage  is  then  moved  around  to  the 
opposite  side,  as  shown  by  the 
dotted  lines,  and  in  this  way  the 
height  at  various  points  are  com- 
pared. 

The  surface  gage  is  also  used  extensively  for  laying  out  work.  As  a 
simple  illustration,  suppose  the  sides  h  and  c  (Fig.  36)  were  to  be 
planed  and  it  were  necessary  to  have  the  thicknesses  x  and  y  of  the 
flanges  and  the  height  2;  all  conform  to  given  dimensions.    If  lines  I  and 


Fiir.  86.    Surface  Gaffe 


X 


:7i 


a 


3|T|[ 


^ 


Uife^l 


MaoMntry 


Fiff.  86.    Testing-  Alignment  by  using*  Surface  Oa^re 

li  representing  the  finished  surfaces  were  first  scribed  on  the  fianges, 
these  would  serve  as  a  guide  when  planing,  and  such  lines  could  easily 
be  drawn  by  using  a  surface  gage,  even  though  the  sides  did  not  lie 
in  the  same  vertical  plane.  The  surface  gage  Is  also  used  for  setting 
lines  which  have  been  scribed  on  the  work  and  represent  the  location 
of  finished  surfaces,  parallel  with  the  planer  platen. 
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CHAPTER  IV 

tLANBR  TOOLS-VARIOUS  FORMS  USED  AND 
POINTS  ON  QRINDINa 

The  number  and  variety  of  the  tools  used  on  a  planer  depend  on 
the  character  of  the  work  which  is  done  on  that  particular  machine. 
If  the  work  varies  considerably,  especially  in  its  form,  quite  a  number 
of  tools  of  different  shapes  will  be  needed,  whereas,  planers  that  are 
used  principally  for  making  certain  parts,  do  not  need  a  large  tool 
equipment.  In  Figs.  37  and  38,  two  sets  of  tools  intended  for  general 
work  are  shown.  Occasionally,  tools  of  special  form  are  required,  but 
the  various  types  in  the  sets  illustrated,  will  take  care  of  practically 
all  ordinary  planing  operations.  Fig.  37  also  shows  some  typical  ex- 
amples of  the  kind  of  planing  for  which  the  different  tools  are  adapted. 

The  tool  shown  at  A  is  a  roughing  tool.  This  form  is  particularly 
adapted  for  taking  deep  "roughing"  cuts  in  cast  iron,  when  it  is  neces- 
sary to  remove  considerable  superfluous  metal.  This  style  of  tool  is  also 
made  to  the  opposite  hand  as  at  B,  as  it  is  sometimes  desirable  to 
feed  the  tool  toward  the  operating  side  of  the  planer;  ordinarily,  how- 
ever, horizontal  surfaces  are  planed  by  feeding  the  tool  away  from 
the  operator,  the  tool  moving  from  right  to  left,  as  viewed  from  the 
front  of  the  machine.  This  enables  the  workman  to  see  just  what 
depth  of  cut  is  being  taken  at  the  beginning  of  the  cut.  The  tool  C 
with  a  broad  cutting  edge  is  used  for  taking  finishing  cuts  in  cast  iron. 
The  cutting  edge  is  set  parallel  with  the  planer  platen,  and  the  feed 
for  each  cutting  stroke  is  a  little  less  than  the  width  of  the  edge.  Not- 
withstanding the  coarse  feed,  a  smooth  surface  is  left  on  the  work, 
provided  the  tool  is  properly  ground  and  set,  and  does  not  chatter  when 
in  use.  Tools  of  this  type  are  made  in  various  widths,  and  when 
planing  very  large  and  rigid  castings,  wide  cutting  edges  and  coarse 
feeds  are  used.  A  plain  round-nose  tool  is  shown  at  D.  This  style  is 
often  used  for  rough  planing  steel  or  iron.  It  can  also  be  made  into  a 
finishing  tool  for  the  same  metals  by  grinding  the  nose  or  tip  end  flat. 
The  width  of  the  flat  cutting  edge  is  much  less,  however,  than  for  cast- 
iron  finishing  tools,  because  if  very  broad  edges  and  feeds  were  used 
when  planing  steel,  there  would  be  danger  of  the  tool  gouging  into  the 
work.  Steel  offers  a  greater  resistance  to  cutting  than  cast  iron  and 
that  is  why  broad  tools  tend  to  gouge  in,  especially  if  the  tool  is  not 
held  rigidly  to  prevent  its  springing  downward.  Tool  E,  which  is 
known  as  a  diamond  point,  is  also  used  for  rough-planing  steel  or  iron. 
The  bent  tools  F  and  O  are  used  for  planing  either  vertical  surfaces  or 
those  which  are  at  a  considerable  angle  with  the  platen.  These  are 
right-  and  left-side  roughing  tools,  and  they  are  adapted  to  either  cast 
iron  or  steel.  They  can  also  be  used  for  finishing  steel.  Finishing 
tools  for  vertical  or  angular  cast-iron  surfaces  are  shown  at  H  and  I. 
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Flff.  87.    Planer  TooLa  of  Different  Form  and  Work  to  which  they  are  Adapted 
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These  have  wide  cutting  edges  to  permit  coarse  finishing  feeds.  Ver- 
tical surfaces  can  often  be  planed  to  better  advantage  by  using  a 
straight  tool  in  the  side-head,  when  the  planer  Is  so  equipped.  Right 
and  left  angle  tools  are  shown  at  J  and  K.  This  style  of  tool  is  for 
planing  angular  surfaces  which,  by  reason  of  their  relation  to  hori- 
zontal or  other  surfaces,  can  only  be  finished  by  a  tool  having  a 
form  similar  to  that  illustrated.  A  typical  example  of  the  kind  of 
angular  planing  requiring  the  use  of  an  angle  tool  is  indicated  in  the 
illustration.  After  finishing  side  a,  the  horizontal  surface  &,  (from 
which  a  roughing  cut  should  have  been  taken  previously)  could  be 
planed  by  feeding  the  same  tool  horizontally.  A  square-nose  tool  is 
shown  at  L.    This  is  used  for  cutting  slots  and  squaring  corners,  and 
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Fiff.  88.    Bet  of  Planer  Toole  ffrouxul  on  Bellere  Tool-ffrindlnff  Machine 

the  same  style  of  tool  Is  made  in  different  widths.  A  narrow  square 
nose  or  "parting"  tool  is  shown  at  M.  It  is  adapted  to  cutting  nar- 
row grooves,  and  can  also  be  used  for  cutting  a  part  in  two,  pro- 
vided the  depth  does  not  exceed  the  length  of  the  narrow  cutting 
end.  Right  and  left  side  tools  are  shown  at  N  and  0.  These  can 
frequently  be  used  to  advantage  on  vertical  or  angular  surfaces.  A 
tool  for  planing  brass  is  shown  at  P.  It  has  a  narrow  rounded  cut- 
ting edge  and  is  very  much  like  a  brass  turning  tool.  For  finishing 
cuts  In  brass,  tools  having  narrow  flat  ends  are  often  used.  Right 
and  left  bent  square-nose  tools  are  shown  at  Q  and  R.  Such  tools  are 
used  for  cutting  grooves  or  slots  in  vertical  surfaces  and  for  similar 
operations.  The  peculiarly-shaped  tool  shown  by  front  and  side 
views  at  8^  is  especially  adapted  to  finishing  cast-iron  surfaces.  This 
type  Is  known  as  the  *'goose-neck"  because  of  its  shape,  and  it  is 
intended  to  eliminate  chattering  and  the  tendency  which  a  regular 
finishing  tool  has  of  gouging  into  the  work.  By  referring  to  the 
side  view  it  will  be  seen  that  the  cutting  edge  Is  on  a  line  w^ith  the 
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back  of  the  tool  shank,  so  tnat  any  backward  spring  of  the  tool 
while  taking  a  cut,  would  cause  the  cutting  edge  to  move  along  an 
arc  c  or  away  from  the  work.  When  the  cutting  edge  is  in  advance 
at  some  point  x,  as  with  a  regular  tool,  it  will  move  along  an  arc  d, 
if  the  strain  of  the  cut  causes  any  springing  action,  and  the  cutting 
edge  will  ''dig  in"  below  the  finished  surface.  Ordinarily  the  tool 
and  the  parts  of  the  planer  which  support  it,  are  rigid  enough  to 
prevent  such  a  movement,  so  that  the  goose-neck  tool  is  not  always 
necessary. 

All  of  the  tools  shown  in  Fig.  37  are  forged  from  a  solid  bar  of 
steel,  the  cutting  end  being  forged  to  about  the  right  shape,  after 


Flff.  89.    (A)  PlAninff  Tool  witli  Inserted  Chitter.    (B)  lUuliua  Tool 
(O)  Tool  bAVinff  Two  Chitters.    (D)  Finiahlaff  Tool 

which  the  end  is  correctly  formed  by  grinding.  After  the  tool  has 
been  worn  away  considerably  by  repeated  grlndings,  the  end  has  to 
be  re-forged  or  "dressed"  to  bring  it  back  to  the  original  form.  To 
eliminate  this  work,  and  also  to  reduce  the  amount  of  steel  required, 
tools  are  often  used  on  the  planer  and  other  machines,  having  shanks 
into  which  small  cutters  can  be  inserted.  These  tools  are  made  in 
many  different  designs,  one  of  which  is  shown  at  A  in  Fig.  39.  This 
particular  style  is  so  arranged  that  the  cutter  c,  which  is  held  against 
the  shank  by  bolt  ft,  can  be  set  either  vertically,  horizontally,  or  at 
an  angle  of  45  degrees  and  the  cutting  edge  can  be  placed  on  the 
right  or  left  side  of  the  shank,  as  required.  This  adjustment  adapts 
the  tool  to  the  planing  of  horizontal,  vertioal  or  angular  surfaces. 
It  should  be  noted  that  the  cutter  is  firmly  seated  in  slots  cut  in 
the  face  of  the  shank.     This  tool  can  be  used  with   the  cutter  in 
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advance  of  the  shank  or  to  the  rear;  when  in  the  latter  position  it 
has  the  advantages  of  the  "goose-neck"  tool. 

What  is  known  as  a  form  tool  is  shown  at  B.  The  cutter  c  is  cir- 
cular and  it  is  held  to  the  shank  hy  a  holt  as  shown.  This  particular 
tool  is  used  for  finishing  round  surfaces,  the  cutter  heing  made  to 
the  required  diameter.  Form  tools  are  also  used  for  finishing  sur- 
faces of  irregular  form,  the  cutter  being  made  to  correspond  in 
shape  to  the  form  required.  A  tool  having  two  cutters  is  shown  at  C. 
This  style  is  sometimes  used  for  planing  duplicate  work,  having  two 
surfaces  «  and  8x,  a  given  distance  apart.  By  having  two  cutters, 
both  sides  are  finished  at  the  same  time.  As  the  cutters  are  ground 
away,  they  are  moved  out  to  the  required  width  by  drawing  In  the 
taper  bolt  t  against  which  the  inner  ends  of  the  cutters  rest.  This  is 
an  example  of  the  special  tools  sometimes  used  in  planer  work.    The 


Flff.  40.    Bouffhinjr  and  Finislxinff  TooLa 

tool  shown  at  D  is  a  solid  forged  type,  that  is  excellent  for  finishing 
steel.  The  way  this  tool  operates  is  shown  by  the  plan  view.  The  cut- 
ting edge  €  is  at  an  angle  with  the  shank,  and  as  the  work  moves  in 
the  direction  shown  by  the  arrow,  the  corner  or  edge  e  removes  a  light 
shaving  and  leaves  a  smooth  surface.  The  edge  is  curved  slightly,  as 
shown  by  the  side  view,  so  that  the  cutting  is  done  at  the  center.  By 
using  soda  water,  or  even  plain  water,  while  planing,  a  bright  surface 
is  obtained.    Only  very  light  cuts  are  taken  with  this  tool. 

The  action  of  a  planer  is  quite  different  from  that  of  a  lathe,  as  it 
is  used  principally  for  producing  flat  surfaces,  whereas  the  lathe  pro- 
duces cylindrical  surfaces.  In  the  forming  or  grinding  of  planing  and 
turning  tools,  however,  there  are  many  underlying  principles  which 
are  common  to  both  classes  of  tools. 

Front  and  side  views  of  a  planer  roughing  tool  are  shown  at  A. 
Fig.  40.  As  the  cutting  is  done  by  the  curved  edge  e,  the  front  surface 
&  is  ground  to  slope  backward  from  this  edge,  to  give  the  tool  keen- 
ness. The  end  or  flank  of  the  tool  is  also  ground  to  slope  inwards  to 
provide  clearance.  The  angle  c  of  clearance  is  about  4  or  5  degrees  for 
planer  tools,  which  is  much  less  than  for  lathe  tools.  This  small 
clearance  is  allowable  because  a  planer  tool  is  held  about  square  with 
the  platen,  whereas  a  lathe  tool,  the  height  of  which  may  be  varied,  is 
not  always  clamped  in  the  same  position.     A  lathe  tool  also  requires 
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more  clearance  because  it  has  a  continuous  feeding  movement  along 
a  spiral  path,  whereas  a  planer  tool  is  stationary  during  the  cut,  the 
feed  Uking  place  Just  before  the  cut  begins.  This  point  should  be  con- 
sidered when  grinding  planer  tools,  because  the  clearance  of  any  tool 
should  not  be  greater  than  is  necessary  to  permit  the  tool  to  cut  freely, 
as  excessive  clearance  weakens  a  tool.  The  slope  of  the  top  surface  h 
depends  on  the  hardness  of  the  metal  to  be  planed,  the  slope  angle 
being  less  for  hard  material,  to  make  the  cutting  edge  more  blunt  and 
consequently  stronger.    When  tools  are  ground  by  hand,  the  angles  ef 

slope  and  clearance  are  not  ordi- 
narily measured,  the  workman  being 
guided  by  experience.  As  the  cutting 
is  done  principally  by  side  e,  the 
slope  of  the  top  (or  front  when  the 
tool  is  in  position  for  planing)  is 
back  from  this  point,  or  away  from 
the  working  part  of  the  cutting  edge. 
By  grinding  a  flat  spot  on  the  nose 
or  lower  end,  this  same  tool  can  be 
used  for  taking  finishing  cuts  in 
steel.  Finishing  cuts  are  also  taken 
with  a  round  nose,  by  using  a  fine 
feed.  The  edge  e  of  the  cast-iron  fin- 
ishing tool  {B)  should  be  ground 
straight  by  testing  it  with  a  small 
straightedge  or  scale.  The  corners 
should  also  be  rounded  slightly,  as 
shown,  as  a  square  corner  on  the 
leading  side  will  dull  quickly.  The 
iHustration  shows  clearly  the  tool's  shape.  The  square-nose  tool  (Fig. 
41)  cuts  along  its  lower  edge  e,  and  is  given  clearance  on  the  end  and 
sides  as  shown  in  the  two  views.  The  lower  edge  is  the  widest  part  of 
the  cutting  end,  the  sides  sloping  inward  in  both  a  vertical  and  hori- 
zontal direction,  which  prevents  the  tool  from  binding  as  it  moves 
through  a  narrow  slot.  The  side-tool  in  the  lower  part  of  Fig.  41 
cuts  along  edge  e,  which,  as  the  side  view  shows,  slopes  backward. 
Planer  side-tools  are  not  always  made  in  this  way,  but  it  is  a  good  form, 
as  the  sloping  edge  starts  a  cut  gradually,  whereas  a  vertical  edge 
takes  the  full  width  of  the  cut  suddenly,  thus  producing  a  shock. 

Reference  has  been  made  to  the  grinding  of  these  few  types  of  tools, 
merely  to  point  out  some  of  the  principles  connected  with  the  grinding 
of  planing  tools.  When  the  principle  of  tool  grinding  is  understood, 
the  various  tools  required,  whether  regular  cr  special  in  form,  can  be 
ground  without  difficulty.  One  thing  that  should  be  remembered  when 
grinding  a  tool,  is  that  it  does  not  pay  to  force  the  tool  too  hard  against 
the  emery  wheel  or  grindstone,  as  is  often  done  in  attempting  to  grind 
quickly.  The  tool  should  be  ground  with  a  moderate  pressure,  and  it 
should  be  withdrawn  frequently  when  forming  a  flat  surface,  to  prevent 
excessive  heating  and  burning  of  the  tool.  The  grinding  wheel  should 
always  be  supplied  with  cooling  water. 
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THE  SHAPEB 


The  shaper,  like  the  planer,  is  used  principally  for  producing  flat 
surfaces,  but  It  is  intended  for  smaller  work  than  is  ordinarily  done 
on  a  planer.  The  shaper  is  preferable  to  the  planer  for  work  within 
its  capacity  because  it  is  less  cumbersome  to  handle  and  quicker  in 
its  movement.  The  action  of  a  standard  shaper,  when  in  use,  is  quite 
different  from  the  planer;  in  fact,  its  operation  is  Just  the  reverse,  as 


Flff.  42.    OlnclanAti  Back-ffoared  Orank  Bhaper 

the  tool  moves  back  and  forth  across  the  work,  which  remains  station- 
ary, except  for  a  slight  feeding  movement  for  each  stroke.  A  shaper 
of  typical  design  is  shown  in  Fig.  42.  The  principal  parts  are  the 
base  and  column  B  and  C,  the  table  T  which  has  a  vise  V  for  holding 
work,  and  the  ram  R  which  carries  a  planing  tool  in  tool-post  I,  and 
is  given  a  reciprocating  motion  by  a  crank  mechanism  inside  the  col- 
umn. The  work-table  is  mounted  on  a  saddle  or  oross-slide  D,  and 
it  can  be  moved  along  the  cross-rail  A  by  turning  the  lead-ecr^w  L 
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with  a  crank  or  by  an  automatic  feeding  mechanism.  The  cross-rail 
can  be  adjusted  vertically  on  the  face  of  the  column  to  accommodate 
work  of  various  heights,  and  the  tool-slide  F  with  the  tool,  can  be  fed 
downward  by  handle  E, 

The  driving  mechanism  for  the  ram  is  shown  in  the  sectional  views 
Fig.  43.  Shaft  8  on  which  the  driving  pulley  is  mounted,  is  con- 
nected through  gearing  with  crank  gear  C.  This  gear  carries  a  crank- 
pin  or  block  B  which  engages  a  slot  in  the  arm  2^,  and  this  arm  in  turn, 
connects  with  the  ram  R  and  is  pivoted  at  its  lower  end.  As  the  crank 
gear  rotates,  a  vibrating  motion  is  given  to  arm  ^  which  imparts  a 
reciprocating  movement  to  the  ram.  The  amount  that  the  arm  moves 
and,  consequently,  the  stroke  of  the  ram,  is  governed  by  the  position 
of  the  crank-block  B  which  can  be  adjusted  toward  or  from  the  center 
of  the  gear  by  shaft  0.  This  shaft  connects  through  spur  and  bevel 
gears  with  a  screw  that  engages  the  orank-block  as  shown  in  the  cross- 
section  to  the  left  The  stroke  can  be  changed  while  the  shaper  is  in 
motion,  and  the  pointer  G,  as  it  travels  along  the  stationary  scale 
H,  shows  the  length  of  the  stroke  in  inches  (see  also  Fig.  42).  The 
position  of  the  stroke  can  also  be  varied  (while  the  machine  is  In 
motion)  by  turning  hand  wheel  J  which  causes  screw  K  to  rotate  and 
shifts  the  position  of  block  L  with  relation  to  the  ram.  Before  making 
this  adjustment,  block  L,  which  is  ordinarily  clamped  to  the  ram,  is 
loosened  -by  turning  lever  M.  By  means  of  this  adjustment  for  the 
position  of  the  stroke,  the  tool  is  made  to  move  back  and  forth  over 
that  part  of  the  work  that  requires  planing,  whereas  the  stroke  adjust- 
ment serves  to  change  the  travel  of  the  tool  according  to  the  length 
of   the   work. 

The  cross-rail  A  with  the  attached  slide  and  table,  is  adjusted  ver- 
tically on  the  face  of  the  column  by  a  telescopic  screw  Q,  which  Is 
rotated  through  bevel  gears,  by  a  horizontal  shaft  operated  by  a  crank 
on  the  left  side  of  the  machine.  Before  making  this  vertical  adjust- 
ment, binder  bolts  at  the  rear  of  the  slide,  which  clamp  the  cross-rail 
rigidly  to  the  column,  must  be  loosened,  and  the  column  ways  should 
also  be  cleaned  to  prevent  chips  or  dirt  from  getting  back  of  the 
slide.  The  outer  end  of  the  table  is  prevented  from  springing  down- 
ward when  taking  heavy  cuts,  by  a  shaft  V  which  rests  on  the  base  and 
can  be  adjusted  for  any  vertical  position  of  the  table. 

The  feeding  movement  of  the  work-table  for  each  stroke  of  the 
ram,  is  derived  from  a  slotted  crank  X.  Fig.  42,  which  is  rotated  by 
gearing.  This  crank  is  connected  by  the  rod  shown,  with  a  pawl 
W.  As  the  crank  rotates,  this  pawl  engages  a  ratchet  gear  and  turns 
lead-screw  L,  thus  moving  the  work-table  along  the  cress-rail.  The 
amount  of  this  feeding  movement  for  each  stroke  of  the  ram,  is  varied 
by  adjusting  the  sliding  block  of  crank  X  toward  or  from  the  center. 
When  the  power  feed  is  not  required,  it  is  disengaged  on  this  shaper 
by  turning  a  sleeve  around  beneath  the  pawl,  thus  preventing  the  latter 
from  engaging  the  ratchet  gear.  To  reverse  the  feed,  the  pawl  is  sim- 
ply given  a  half  turn,  which  causes  it  to  rotate  the  ratchet  when  moving 
in  the  opposite  direction. 

On   this  particular   shaper   there   are  eight   speed   changes^or   the 
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ram.  Four  of  these  are  obtained  by  shifting  the  driving  belt  on  dif- 
ferent steps  of  the  cone-pulley  P  (Fig.  42),  and  this  number  is  doubled 
by  back-gears  inside  the  column  which  are  engaged  or  disengaged 
by  lever  T.  Shapers  are  also  made  without  back-gears,  in  which  case 
the  number  of  speed  changes  equals  the  number  of  steps  on  the  driv- 
ing cone  pulley.    The  higher  speeds  are  used  when  the  tool  travel  or 

stroke  Is  compara- 
tively short  and 
the  slow  speeds  for 
long  strokes.  If 
there  were  no  way 
o  f  changing  the 
speed  and  the  shap- 
er  made  the  same 
number  of  strokes 
per  minute  regard- 
less of  the  length, 
there  would,  of 
course,  be  a  wide 
variation  in  the 
cutting  speed  of 
the  tool.  This 
change  o  f  speed, 
however,  which  ac- 
companies a  change 
of  stroke,  only  oc- 
curs with  a  crank 
shaper,  the  cutting 
speed  of  a  geared 
or  rack  shaper  being  constant  for  any  length  of  stroke.  The  difference 
between  these  two  types  will  be  referred  to  later. 

Examples  of  Shaper  Work 

Most  of  the  work  done  in  the  shaper  is  either  held  in  the  vise  Y 
(Fig.  42)  or  is  clamped  to  the  table  T,  which  is  provided  with  slots 
for  receiving  the  clamping  bolts.  The  vise  resembles  a  planer  vise, 
and  it  can  be  removed  readily  when  work  is  to  be  attached  directly  to 
the  table.  It  can  also  be  swiveled  to  any  angular  position  by  loosen- 
ing nuts  n,  the  position  'being  shown  by  degree  graduations.  The 
table  of  this  particular  shaper  is  also  removable,  to  permit  clamping 
parts  directly  to  the  face  of  the  saddle  or  cross-slide  JD,  which  also 
has  bolt-slots  in  the  front  face. 

Fig.  44  shows  an  example  of  the  kind  of  work  which  is  held  in  the 
vise.  The  part  illustrated  is  a  small  engine  slide  valve,  which  is  set 
up  for  planing  the  face  F.  After  the  casting  is  properly  located  in 
the  vise  and  the  tool  T  is  clamped  in  place,  the  shaper  is  started  and 
the  stroke  adjusted  both  for  length  and  position,  to  give  the  tool  a 
movement  about  as  indicated  by  the  arrow  «.  The  tool  is  then  fed 
downward  to  the  work  and  the  latter  is  moved  crosswise,  by  hand, 
until  a  cut  of  the  right  depth  is  started;   the  automatic  feed^  then. 
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engaged  by  dropping  the  feed-pawl  into  mesh  with  the  ratchet  gear 
on  lead-screw  as  previously  explained. 

^  The  tools  used  in  a  shaper  are  similar  in  form  to  planer  tools,  though 
smaller.  When  taking  finishing  cuts  in  the  shaper,  broad  tools  and 
wide  feeds  cannot  be  used  to  the  same  extent  as  in  planer  work, 
because  the  shaper  is  less  rigid  and,  consequently,  there  is  a  greater 
tendency  for  the  tool  to  chatter. 

Fig.  45  shows  an  odd-shaped  casting  bolted  to  the  side  of  the  table 
for  planing  the  top  surface.    The  table,  in  this  case,  serves  the  same 


J^^^'^^    ^^^^^^^P  J^^^^^l 


Fiff.  46.    Oastioflr  of  Irregular  Shape 
bolt«d  to  Bide  of  Table 


Fiff.  40.    Table  removed  and  Caotlnir 
Clamped  to  Croea-sUde 


purpose  as  an  angle-plate  on  the  planer,  and  the  method  of  holding 
the  casting  to  it  is  clearly  shown  in  the  illustration.  Clamp  C  simply 
forms  a  stop  for  supporting  the  outer  end  of  the  casting,  which  would 
otherwise  tend  to  sag  down  under  the  thrust  of  the  cut  Work  that 
is  bolted  directly  to  the  table  is  held  by  practically  the  same  kind  of 
clamps  that  are  used  in  connection  with  planer  work. 

In  Fig.  46  the  table  is  shown  removed  and  a  casting  is  clamped  di- 
rectly to  the  face  of  the  cross-slide  for  planing  the  top  bearing  sur- 
face. This  is  an  illustration  of  the  class  of  work  that  can  be  held  to 
advantage  in  this  way.  When  setting  work  in  the  shaper,  a  surface 
gage  can  often  be  used  effectively  the  same  as  in  planer  work.  The 
tool  itself  can  also  be  employed  as  a  gage  for  setting  the  work  level, 
by  comparing  the  distance  between  the  surface  being  tested  and  the 
tool  point.    When  using  the  tool  in  this  way,  it  is  placed  close  to  the 
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work  and  the  latter  Is  shifted  so  that  its  height  at  various  points  can 
be  determined. 

When  vertical  or  angular  surfaces  are  planed  in  the  shaper,  the 
tool  block  is  swiveled  so  that  the  top  of  the  block  inclines  away  from 
the  surface  being  planed,  to  avoid  any  interference  with  the  tool  on 
the  return  stroke,  as  explained  in  connection  with  planer  work.  The 
entire  tool  head  can  also  be  set  to  any  angle  for  planing  angular 
surfaces,  by  loosening  locking  bolt  h  (Fig.  42),  and  its  position  is 
shown  by  degree  graduations.    Some  shapers  have  an  automatic  verti- 


Fiff.  47.    Morton  Draw-out  Shaper 

cal  feed  for  the  tool  as  well  as  an  automatic  horizontal  feed  for  the 
work,  but  most  of  the  shapers  now  used  are  not  so  equipped,  the  tool 
being  fed  vertically  by  hand.  Both  the  horizontal  and  vertical  feed 
screws  of  the  machine  shown  in  Fig.  42,  have  graduated  collars  which 
are  used  when  it  is  desired  to  feed  the  tool  down  or  crosswise  a  defi- 
nite amount.  These  collars  have  graduations  representing  a  move- 
ment of  0.001  inch,  and  they  can  often  be  used  to  advantage  for  ad- 
justing the  tools. 

BSrCk  Shaper— Draw-cut  Shaper— Special  Types 
A  shaper  of  the  type  illustrated  in  Fig.  42,  or  one  which  is  operated 
by  a  crank  and  slotted   lever,  is  known   as  a  crank  shaper  to   dis- 
tinguish it  from  the  rack  shaper  which  has  an  all-geared  drive.    The 
driving  mechanism  of  a  rack  shaper  is  similar  to  that  of  a  spur-gear 
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type  of  planer.  The  ram  has  a  rack  on  its  under  side  and  it  is 
driven  by  a  gear  which  meshes  with  this  rack:  The  movement  of  the 
ram  is  reversed  either  by  open-  and  cross-belts  which  are  alternately 
shifted  on  tight  and  loose  pulleys,  or  by  friction  clutches,  which  alter- 
nately engage  the  forward  -and  return  pulleys.  The  length  of  the 
stroke  is  controlled  by  adjustable  tappets. 

The  shaper  illustrated  in  Fig.  47  differs  from  the  ordinary  type 
in  that  the  tool  cuts  when  it  is  moving  towards  the  column  of  the 
machine.  In  other  words,  the  tool  is  pulled  or  drawn  through  the 
metal  on  the  cutting  stroke  instead  of  being  pushed.  For  this  reason 
the  name  "draw-cut"  is  applied  to  a  shaper  of  this  type.  The  planing 
tool  is,  of  course,  set  with  the  cutting  edge  reversed.  The  ram  of  this 


Flff.  48.    Planinir  Bnd  of  20-ton  Steel  Roll,  with  Shaper  havinff 
Slde-traverslxiir  Tool-head 

machine  is  driven  by  a  rack  and  gearing,  and  the  reciprocating  motion 
is  obtained  by  open-  and  cross-belts.  The  forward  motion  pulley  is  on 
one  side  of  the  column  and  the  reverse  pulley  on  the  other.  These 
pulleys  are  alternately  engaged  by  friction  clutches,  and  the  length  of 
the  stroke  is  regulated  by  adjustable  tappets  mounted  on  the  circular 
disk  seen  near  the  top  of  the  column.  There  is  also  a  hand  lever  for 
reversing  the  ram  at  any  part  of  the  stroke. 

The  object  in  designing  a  shaper  to  take  a  draw  cut  is  to  secure 
greater  rigidity  and,  consequently,  a  higher  degree  of  accuracy.  The 
thrust  of  the  cut  is  toward  the  column  and  this  tends  to  relieve  the 
cross-rail  from  excessive  strains,  especially  when  taking  deep  cuts. 

Shapers  of  special  types  are  also  built  in  a  number  of  different  de- 
signs which  are  varied  to  suit  certain  classes  of  work.  These  differ 
from  the  standard  types  either  in  the  motion  of  the  ram  relative  to 
the  work-table  or  in  having  a  greater  range  of  adjustment  which  adapts 
them  to  work  which  could  not  be  handled  in  an  ordinary  shaper. 
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A  shaper  is  shown  in  Fig.  48,  which  is  provided  with  a  cross  tra- 
verse for  the  tool-head.  The  advantage  of  this  feature,  for  certain 
classes  of  work,  is  indicated  by  the  illustration.  The  regular  table  has 
been  removed,  and  the  end  of  a  20'ton  steel  roll  is  being  planed.  The 
traversing  head  enables  horizontal  cuts  to  be  taken  over  the  work 
which  remains  stationary.  This  shaper  is  a  special  design  built  by 
Gould  k  Eberhardt,  and  it  can  be  used  to  advantage  on  large,  un- 
wieldy parts  such  as  the  one  illustrated. 


CHAPTER  VI 


THB  SLOTTING  MACHINE 

The  slotting  machine  or  "slotter,"  as  it  is  commonly  called,  is  a 
vertical  machine  and  is  adapted  to  cutting  keyways  in  the  hubs  of 
flywheels  or  pulleys  and  for  finishing  slots  or  other  enclosed  parts 
which  could  not  be  finished  by  the  tool  of  a  horizontal  machine  like 
the  planer  or  shaper.  The  slotter  is  also  used  for  various  other  classes 
of  work,  requiring  flat  or  curved  surfaces,  which  can  be  machined  to 
better  advantage  by  a  tool  which  moves  vertically.  The  ram  R  of  the 
Blotter,  to  which  the  planing  or  slotting  tool  is  attached  (see  Fig.  49), 
has  a  vertical  reciprocating  movement  at  right  angles  to  the  work 
table.  This  vertical  movement  is  obtained  from  a  crank  disk  D  which 
is  connected  to  the  slotter  ram  by  a  link  and  is  driven  by  a  cone 
pulley  P  and  the  large  gearing  seen  at  the  rear.  The  tool  is  fastened 
to  the  end  of  the  ram  by  the  clamps  shown,  and  the  work  is  secured 
to  the  platen  T.  There  are  two  sets  of  clamps  on  the  ram  so  that 
the  tool  can  be  held  in  a  vertical  or  horizontal  position.  The  tools 
used  for  keyseating  or  finishing  slots,  are  held  in  a  vertical  position, 
whereas  larger  surfaces  which  can  readily  be  reached,  are  planed  by 
a  tool  held  horizontally  against  the  end  of  the  ram.  The  platen  T 
can  be  moved  crosswise  along  the  saddle  8  and  the  latter  can  be  tra- 
versed at  right  angles  along  the  bed.  In  addition,  the  platen  can  be 
rotated  about  its  center  for  slotting  circular  surfaces.  These  three 
movements  can  be  effected  by  hand  or  power.  The  lengthwise  adjust- 
ment on  the  bed  is  effected  by  turning  squared  shaft  A  with  a  crank; 
similarly,  squared  shaft  B  is  used  for  moving  the  platen  crosswise. 
The  platen  is  rotated  by  turning  shaft  C.  The  automatic  power  feed 
for  these  three  movements  is  derived  from  the  cam  E  on  the  inner 
side  of  the  large  driving  gear.  This  cam  is  engaged  by  a  roller  on 
the  end  of  lever  F  and  whenever  the  ram  or  tool  is  at  the  top  of 
its  stroke,  an  irregular  place  in  the  cam  track  causes  lever  F  to  oscil- 
late. This  movement  is  transmitted  by  connecting  link  and  shaft  G 
at  the  side  of  the  bed,  to  the  slotted  crank  H.  This  crank  turns  the 
large  gear  I  slightly  for  each  stroke  of  the  ram,  by  means  of  a  ratchet 
disk  carrying  a  double-ended  pawl  K  which  engages  the  gear.  Gear 
/,  in  turn,  transmits  the  movement  through  the  intermediate  gears 
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shown,  to  either  of  the  three  feed  shafts.  If  a  power  feed  along  the 
bed  is  wanted,  gear  J  is  placed  on  the  feed-shaft  A.  as  shown  in  the 
illustration.  On  the  other  hand,  if  a  cross  feed  is  desired,  gear  J  is 
inserted  on  shaft  B  and,  similarly,  the  rotary  feed  is  obtained  by  plac- 
ing this  same  gear  on  shaft  C.  The  amount  of  feed  is  varied  by  chang- 
ing the  position  of  the  crankpin  at  U,  and  the  direction  of  the  feed 
is  reversed  by  shifting  the  double-ended  pawl  K.  The  stroke  of  the 
ram  is  varied  by  adjusting  the  crankpin  of  disk  D,  to  or  from  the 
center.     The  vertical  position  of  the  ram  is  changed  so  that  the  tool 


Fiff.  49.    Betts  Slottinff  Machine 

will  operate  in  the  right  relation  to  the  work,  by  loosening  nut  L  and 
moving  the  ram  up  or  down  by  turning  shaft  M  with  a  hand  ratchet. 
The  ram  is  counterbalanced  by  a  weight  W  and  it  has  a  quick  return 
movement  for  the  ui)ward  or  idle  stroke. 

A  typical  example  of  the  kind  of  work  done  on  the  Blotter  is  shown 
in  Fig.  50  which  illustrates,  diagrammatically,  the  slotting  of  a  locomo- 
tive driving-wheel  box.  The  side  and  top  views  at  A.  indicate  how 
the  inner  sides  of  the  box  are  finished.  The  work  is  set  on  parallel 
strips  s  to  provide  clearance  for  the  tool  at  the  lower  end  of  the  stroke, 
and  it  is  secured  to  the  platen  by  four  clamps.  The  stroke  of  the  ram 
R  should  be  about  one  inch  greater  than  the  width  of  the  surface  to 
be  slotted  and  most  of  the  clearance  between  the  tool  and  the  work 
should  be  at  the  top  of  the  stroke  where  the  feeding  movement  takes 
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place.  Wli«D  the  stroke  is  adjusted,  the  ram  is  placed  in  its  lowest 
position  amd  it  is  lowered  until  the  end  is  a  little  above  the  top  of  the 
work.  The  tool  is  extended  below  the  end  of  the  ram  far  enough  to 
allow  the  cutter  c  to  reach  through  the  box  when  at  the  bottom  of 
the  stroke.  The  Une  previously  scribed  on  the  work  to  show  the 
location  of  the  finished  surface,  is  next  set  parallel  to  the  cross  travel 
of  the  platen.  This  can  be  done  by  comparing  the  movement  of  the 
line  with  relation  to  the  stationary  tool-point  while  the  work  is  fed 
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Flif.  60.    Bxample  of  Stralfrht  axMl  Circular  SloUlnff 

laterally  by  hand.  If  adjustments  are  necessary,  these  can  be  made 
by  swiveling  the  platen  one  way  or  the  other  as  required.  When 
the  work  is  set,  the  platen  is  locked  to  the  saddle  by  clamps 
provided  for  that  purpose.  The  cut  is  started  at  one  end  as  shown  in 
the  plan  view  and  the  side  is  planed  by  the  vertical  movement  of  the 
tool  combined  with  the  lateral  feeding  movement  of  the  platen  and 
work.  The  opposite  side  is  slotted  without  disturbing  the  position  of 
the  work  by  simply  turning  the  tool  half  way  around.  The  sketch  at 
B  indicates  how  the  curved  seat  for  the  brass  journal  is  finished.  The 
radius  of  the  seat  is  shown  by  a  scribed  line  which  must  be  set  con- 
centric with  the  center  or  axis  about  which  the  platen  rotates.  The 
platen  must  also  be  adjusted  laterally  and  longitudinally,  if  necessary, 
until  the  tool  will  follow  the  finish  line  as  the  work  feeds  around. 
The  position  of  the  work  soon  after  the  cut  is  started  is  shown  in 
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the  plan  view  by  the  full  lines,  and  the  dotted  lines  indicate  how  the 
box  feeds  around  while  a  cut  is  being  taken  across  the  circular  seat 
After  the  Blotter  is  set  in  motion,  the  cut  is  started  by  hand  and  then 
the  power  feed  is  engaged.  The  finish  lines  on  work  of  this  kind  us- 
ually serve  merely  as  a  guide  and  the  final  measurements  are  deters 
min^d  hy  calipers  or  special  gages. 

A  number  of  duplicate  parts  can  sometimes  be  slotted  simultane- 
ously by  clamping  one  piece  above  the  other  in  a  stack  or  pile.  The 
tool  then  planes  the  entire  lot  to  tthe  same  shape.  This  method  only 
applies  to  work  which  can  readily  be  stacked  up. 

Some  of  the  tools  used  l<n  the  slotter  are  illustrated  in  Pig.  51. 
Those  shown  at  A,  B  and  C  are  forged  from  the  solid  bar  and  have 
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Fig*.  61.    Some  of  the  Tools  used  for  Slottinff 

cutting  edges  formed  on  the  ends,  whereas  tool  D  consists  of  a  heavy 
bar  in  which  a  email  cutter  t  is  inserted.  Tools  A  and  B  are  used 
principally  for  slotting  interior  surfaces,  where  there  is  little  room  for 
the  tool  to  operate.  For  exterior  slotting,  or  whenever  there  is  plenty 
of  room,  tool  D  is  preferable  because  It  is  more  rigid.  The  cutting  end 
of  tool  B  ia  inclined  to  the  right  or  left  (as  indicated  by  the  end 
view)  for  working  in  corners,  etc.  The  position  of  tool  D,  which  has 
a  round  shank  h,  can  be  varied  by  turning  It  in  clamps  at  the  upper 
end  which  hold  it  to  the  sJotter  ram.  The  cutter  t  is  held  by  setscrew 
c  in  a  pivoted,  spring-relief  block  which  allows  the  tool  point  to 
swing  away  from  the  work  on  the  upward  stroke.  The  tool  tends  to 
spring  away  from  the  work  on  the  downward  or  cutting  stroke,  and  if 
there  is  no  relief  movement,  it  drags  heavily  over  the  planed  surface 
on  the  upward  stroke.  Tool  C  Is  used  (for  cutting  keyways  or  narrow 
slots.  These  tools  have  a  slope  s  at  the  end  and  the  (front  side  is 
ground  to  a  clearance  angle  c.  The  direction  of  the  slope  at  the 
end  (which  is  the  surface  agadnst  which  the  chips  bear  while  being 
severed)  is  away  from  the  cutting  edge,  and  this  is  a  rule  which  ap- 
plies generally  to  tools  for  turning  or  planing  iron  or  steel.      OqIc 
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CHAPTER  I 


UPRIGHT  DRILLING  MACHINES 


In  the  construction  of  practically  all  machinery,  a  great  many  holes 
have  to  be  drilled  owing  to  the  extensive  use  of  bolts  and  studs  for 
holding  the  various  parts  together.  The  drilling  machines  or  "drill 
presses,"  as  they  are  often  called,  which  are  used  for  drilling  these 
holes,  are  made  in  many  different  types  which  are  designed  for  han- 
dling different  classes  of  work  to  the  best  advantage,  and  the  various 


Fig-.  1.    DrlU  Spindle  Feedinsr  and  Autoxnatlo  Trip  Mechanism 

types  are  also  built  in  a  great  variety  of  sizes,  as  the  most  efficient 
results  can  be  obtained  with  a  machine  that  is  neither  too  small  nor 
too  large  and  unwieldly  for  the  work  which  it  performs. 

An  upright  drill  press  of  medium  size  is  shown  in  Fig.  2.  The  drill 
Itself  is  inserted  in  the  end  of  spindle  S,  and  when  the  machine  is  in 
use,  this  spindle  is  fed  downward  either  by  hand  or  power,  thus  causing 
the  revolving  drill  to  cut  a  hole  into  the  work.  The  spindle  is  driven 
by  a  horizontal  shaft  B  connecting  with  a  cone  pulley  P,  which  is 
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driven  by  belt  from  a  lower  cone  pulley  P^.  The  shaft  on  which  the 
lower  cone  pulley  is  mounted,  is  rotated  by  a  belt  from  an  overhead 
countershaft.     The  machine  is  started  by   shifting  this  driving  belt 


Flff.  2.    Hamilton  Uprlffbt  DrUlinff  Machine 

from  the  loose  pulley  C  to  the  "tight  pulley"  D  which  is  keyed  to  the 
fcihaft,  and  the  position  of  the  belt  is  controlled  by  handle  A.  The  speed 
of  the  spindle  must  be  varied  according  to  the  diameter  of  the  hole 
being  drilled,  the  speed  being  increased  as  the  diameter  diminishes. 
To  obtain  these  speed  variations,  the  belt  connecting  pulleys  P  and  Pi 
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is  shifted  to  steps  of  different  diameter.  The  range  of  speeds  obtained 
iu  this  way  can  be  doubled,  on  this  particular  machine,  by  back-gears 
located  just  in  front  of  the  upper  pulley.  When  these  gears  are  not 
iu  use,  shaft  B  is  coupled  direct  to  cone  pulley  P  by  means  of  a  sliding 
clutch  'S  (see  the  detail  view  Fig.  3),  but  when  the  back-gears  are 
shifted  into  engagement  by  operating  lever  E,  the  clutch  is  disengaged 
and  the  cone  pulley  drives  shaft  B  through  train  of  gears  a,  b,  c  and 
d.  The  fastest  speed  obtained  with  the  back-gears  engaged,  is  slower 
than  the  slowest  speed  when  driving  direct,  so  that  a  gradually  in- 
creasing range  of  eight  speeds  is  available. 

As  the  illustration  shows,  the  connection  between  shaft  B  and  the 
spindle  is  made  by  bevel  gears.    The  spindle  is  free  to  move  vertically 


Tiff.  8.    BAOk-g-earlBir  axul  Feed  Ohanfre-treara  of  Upright  Drllliixff  Machine 

through  the  large  bevel  -gear,  and  the  lower  end  is  steadied  by  the  head 
H,  (Fig.  2)  which  is  clamped  to  the  column  and  can  be  adjusted  to 
different  heights.  The  work-table  T  can  also  be  adjusted  vertically  on 
the  column  to  suit  the  height  of  the  work,  and  It  can  be  swung  to  one 
side  when  a  large  heavy  part  is  to  be  supported  directly  on  the  base. 
After  the  work  is  clamped  to  the  table,  it  can  be  adjusted  for  drilling 
at  any  point  by  swinging  the  table  about  the  column  and  also  by  turning 
the  table  about  its  own  center.  When  the  table  is  properly  adjusted, 
it  can  be  clamped  to  the  arm  and  the  arm  to  the  column  by  the  bolts 
shown. 

The  power  feed  for  the  spindle  is  driven  by  a  belt  operating  on  pul- 
leys  F  and  F^.  Pulley  F^  is  mounted  on  a  shaft  carrying  a  cone  of  gears 
O  any  one  of  which  can  be  locked  to  the  shaft  by  changing  the  position 
of  "pull-pin"  O.    These  gears  are  in  mesh  with  corresponding  gears  on 
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shaft  /,  which  rotates,  through  bevel  and  worm-gearing,  a  pinion  mesh- 
ing with  rack  R  attached  to  the  quill  in  which  the  spindle  revolves. 
As  this  pinion  rotates,  the  quill  and  spindle  are  moved  vertically  and  the 
amount  of  this  movement  for  each  revolution  can  be  varied  by  shifting 
pull-pin  G.  For  exampl-e,  when  a  large  gear  in  the  cone  0  is  locked 
and  becomes  the  driving  gear  (by  changing  the  position  of  the  pull- 
pin),  the  feed  or  vertical  movement  of  the  spindle  is  more  rapid  than 
when  the  power  is  transmitted  by  one  of  the  smaller  gears.  The  driving 
gear  is  locked  by  a  key  attached  to  the  pull-pin,  and  as  this  key  can 
only  engage  one  gear  at  a  time,  the  others  "evolve  idly  on  the  shaft. 
The  power  feed  is  engaged  or  disengaged  by  tightening  or  loosening 
a  knurled  nut  /,  which  controls  a  friction  clutch  that  connects  or  dis- 
connects bevel  gear  K  with  the  worm-shaft.  When  the  power  feed  is 
disengaged,  the  spindle  can  be  moved  up  or  down  by  turning  hand- 
wheel  L.  On  some  tirilling  machines,  the  vertical  feed  shaft  I  is  driven 
direct  by  a  belt  operating  on  cone  pulleys  and  the  feed  changes  are 
obtained  by  shifting  this  belt.  The  spindles  of  small  drill  presses 
usually  have  only  the  hand  feed  as  the  power  feed  is  unnecessary  when 
the  holes  to  be  drilled  are  small  and  not  very  deep;  furthermore  such 
holes  can  be  drilled  more  rapidly  when  the  spindle  is  fed  by  hand. 

The  machines  equipped  with  power  feed  usually  have  some  sort  of 
trip  mechanism  which  can  be  set  to  automatically  disengage  the  feed 
when  a  hole  has  been  drilled  to  the  required  depth.  The  automatic 
trip  or  stop  on  the  machine  illustrated  in  Fig.  2  is  shown  in  detail 
in  Fig.  1.  This  trip  has  ah  adjustable  collar  T,  the  position  of  which 
controls  the  depth  of  the  hole  drilled  or  the  point  at  which  the  feed 
is  disengaged.  This  disengagement  is  effected  as  follows:  When  collar 
T  strikes  the  latch  C7,  lever  V  is  disengaged  and  worm  W  drops  out  of 
mesh  with  its  wheel,  thus  stopping  the  feed.  The  spindle  can  then  be 
raised  quickly  for  drilling  a  new  hole,  by  turning  handle  Q  whicn  is 
provided  for  that  purpose.  The  automatic  trip  mechanism  prevents 
drilling  holes  deeper  than  they  should  be,  after  it  is  properly  set,  and 
close  attention  on  the  part  of  the  operator  is  not  required. 

These  are  the  principal  features  of  an  upright  drill  press  which^  in 
many  respects,  is  a  typical  design.  Before  referring  to  drilling  ma- 
chines of  other  types,  some  examples  of  drilling  will  be  described. 
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CHAPTER  II 

DRILLINa,  REAMING,  OOUNTBRBORING 
AND  TAPPING 


A  simple  example  of  drill-press  work  is  shown  in  Fig.  5,  which  illus- 
trates a  steel  link  that  is  to  have  holes  drilled  in  the  ends.  We  shall 
assume  that  the  location  of  these  holes  is  indicated  by  circles  previously 
drawn  with  dividers  and  dotted  lightly  to  more  clearly  show  their  loca- 
tion. The  centers  of  these  circles  should  first  be  enlarged  with  a  center- 
punch  to  form  a  starting  point  for  the  drill.  When  a  part  to  be  drilled 
is  quite  heavy  and  the  holes  are  comparatively  small,  It  is  often  un- 
necessary to  clamp  the  work  to  the  drill  press  table  though,  as  a  rule. 


Fiff.  4. 


Method  of  Holding  and  Drivlnir  Taper-shank  DriUs. 
DriUing-head  of  Upright  Machine 


it  is  better  to  use  one  or  more  clamps,  depending  on  the  shape  and  size 
of  the  work.  A  method  of  holding  this  particular  part  without  using 
auy  special  clamping  appliances,  is  shown  In  Fig.  4.  The  end  to  be 
drilled  is  held  by  a  clamp  and  a  stop  d  is  placed  against  one  side  of  the 
work  to  prevent  it  from  rotating  with  the  drill. 

The  drill  itself  is  inserted  either  directly  in  the  spindle  or  in  a  socket, 
as  will  be  explained  later.  The  type  of  twist  drill  commonly  used  is 
shown  at  A  in  Fig.  6.  It  has  two  beveled  cutting  edges  e  at  the  end, 
formed  by  the  two  spiral  grooves  or  flutes,  and  the  part  «,  called  the 
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shank,  is  made  to  a  standard  taper.  The  size  of  the  shank  is  the  same 
on  all  drills  up  to  a  certain  diameter,  and  then  a  larger  shank  is  used 
for  another  range  of  sizes,  and  so  on.  In  the  Morse  system  of  tapers, 
which  is  universally  used  for  twist-drill  shanks,  the  sizes  are  desig- 
nated by  numbers.    For  this  particular  operation,  the  drill  would  per- 


.    Flff.  6.    Bxample  of  Drlll-presa  Work 

haps  be  large  enough  to  permit  inserting  it  directly  in  the  spindle  as 
shown  at  A  in  Fig.  4,  though  this  would  depend  on  the  number  or  size 
of  the  taper  hole  in  the  spindle.  On  the  other  hand,  if  a  comparatively 
small  drill  were  to  be  used,  it  might  be  necessary  to  place  a  socket  Si 
(see  sketch  B)  in  the  spindle  and  insert  the  drill  in  the  end  of  this 
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Mackintrv  \ 

Flff.  O.  (A)  Twist  DrlU.   (B).SoUd  Ctounterbore.   (O)  OoTinterbore 
with  Inserted  Blade 

socket  The  drill  is  caused  to  rotate  with  the  spindle  or  socket,  princi- 
pally by  a  flat  end  or  tang  t  on  the  shank,  which  engages  a  cross-slot 
at  the  end  of  the  taper  hole,  as  shown.  As  the  taper  of  the  shank 
corresponds  with  the  taper  of  the  hole  in  the  spindle  or  socket,  the  drill 
is  also  driven  partly  by  friction. 
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When  the  drill  is  in  place,  it  is  fed  down  by  hand-wheel  L  for  starting 
the  hole.  If  the  work  is  clamped  in  position,  it  is  adjusted  for  drilling 
at  the  proper  place,  hy  turning  the  table  about  its  own  center  and 
swinging  the  supporting  arm  about  the  column.  When  the  drill  begins 
to  cut,  the  location  of  the  hole  with  reference  to  the  scribed  circle 
should  be  noted.  If  the  hole  starts  off  center,  as  at  A,  Fig.  7,  a  groove 
should  be  cut  down  that  side  which  is  farthest  from  the  circle  (see 
sketch  B)  by  using  a  gouge  and  hammer,  the  proper  depth  of  this 
groove  depending  on  the  amount  that  the  hole  is  ofF  center.  This 
operation  is  repeated,  if  necessary,  so  that  the  drill  will  be  concentric 
with  the  circle  (as  at  C)  Just  before  it  begins  to  cut  to  the  full  diam- 
eter. The  power  feed  is  then  engaged  by  tightening  knob  /.  When 
the  work  rests  directly  on  the  table,  as  in  this  case,  the  end  to  be 
drilled  should  be  set  over  a  slot  or  hole,  to  prevent  the  drill  from 
cutting  the  taft)le  when  it  comes  through  on  the  lower  side.  The  table 
and  arm  should  also  be  clamped  after  they  are  properly  set.  Drills  or 
sockets  are  removed  by  a  taper  center-key  or  drift  fc,  Fig.  4,  which  is 


Pl«r.  7.    Method  of  Btartintr  DHU  Ooncentrio  with  Bcrll>ed  Circle 

driven  in  a  cross-slot  above  the  tang,  as  the  illustration  indicates. 
When  drilling  steel  or  wrought  iron,  the  drill  point  should  be  kept 
lubricated.  Sperm  or  lard  oil  may  be  used,  and  soda  water,  which  is 
made  by  dissolving  sal  soda  In  water.  Is  also  extensively  used  for 
lubricating  purposes.  Cast  iron  and  brass  are  drilled  without  a 
lubricant. 

FinishlDg  Holes  by  Beaming 

Drilled  holes  are  not  always  round  or  straight  and  the  diameters 
vary  to  some  extent,  especially  when  the  drill  used  is  sharpened  by 
hand,  so  that  when  accurate  holes  are  required,  the  drilled  hole  is 
finished  by  reaming  to  secure  smooth  straight  holes  of  uniform  diam- 
eter. Holes  for  bolts  that  must  fit  accurately  are  often  finished  In 
this  way,  though  on  some  classes  of  work,  which  does  not  need  accu- 
rately fitting  bolts,  a  drill  slightly  larger  than  the  ibolt  body  is  used 
and  the  reaming  operation  Is  omitted. 

Three  different  styles  of  reamers  are  shown  in  Fig.  8.  The  style  of 
reamer  shown  at  A,  which  is  known  as  the  fluted  type,  cuts  along  the 
edges  a-h  and  it  has  a  taper  shank  similar  to  a  drill  shank,  which  is 
inserted  in  the  spindle.    This  reamer  will  produce  a  smooth  accurate 
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hole,  but  it  is  not  Adapted  to  removing  much  metal,  and  the  diameter 
of  the  drilled  hole  should  not  be  more  than  0.010  or  0.015  inch  under 
the  finished  size.  The  speed  for  reaming  should  be  much  slower  than 
for  drilling,  and  a  fluted  reamer  should  not  be  forced  too  hard,  as  both 


Fiff.  8. 


of  Different  Styles 


the  tool  and  work  may  be  injured.  Another  type  of  reamer  is  shown 
at  B.  This  is  called  a  rose  reamer  and  it  differs  from  the  fluted  type 
in  that  the  cutting  is  all  done  by  the  beveled  edges  at  the  end.  The 
fluted  cylindrical  body,  back  of  the  cutting  edges,  fits  closely  into  the 


Pl«r.  O.   (A)  Faoklnff  Gland.   (B)  DrlU  Jiff  for  Gland 

reamed  hole  and  guides  the  cutting  end.  This  reamer  will  remove 
more  metal  than  the  fluted  type  and  it  is  used  for  enlarging  holes,  as 
well  as  for  truing  drilled  holes.  When  very  accurate  and  smooth  holes 
are  necessary,  the  fluted  reamer  is  ordinarily  used,  but  for  general  pur- 
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poses  the  rose  reamer  is  preferable,  especially  for  "machine  reaming" 
when  Jigs  are  used.  If  a  fluted  reamer  is  guided  by  a  hardened  jig 
bushing,  the  cutting  edges  will  be  dulled  more  or  less,  depending  on 
the  alignment  between  the  drilled  hole  and  bushing  and  the  resulting 
side  thrust  on  the  reamer.  On  the  other  hand,  the  rose  reamer  cannot 
be  injured  by  the  guide  bushing  as  the  cutting  edges  are  on  the  end 

only.  The  shell 
type  of  rose  reamer 
shown  at  C  has  an 
arbor  on  which  the 
shell  reamer  is 
mounted.  The  ad- 
vantage of  this  ar* 
rangement  is  that 
reamers  o  f  differ- 
ent sizes  can  be 
held  on  the  same 
arbor. 

When  a  very  ac- 
curate hole  is  re- 
quired, it  is  good 
practice  to  ream  by 
hand.  One  method 
would  be  to  first 
drill  and  rough 
ream  the  hole  to 
within  a  few  thou- 
sandths inch  of  the 
finished  size,  and 
then  finish  by  us- 
ing a  hand  reamer 
D.  In  order  to 
keep  the  reamer  in 
alignment  with  the 
hole,  especially 
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Flff.  lO.    DriU-preaa  of  the  Wheel-  and  Zjever-feed  Type 


when  starting,  the  upper  end  is  sometimes  supported  by  a  conical  cen- 
ter which  is  inserted  in  the  spindle. 

Drilling  by  the  Use  of  Jigs 

Another  example  of  drill-press  work  is  shown  at  A,  Fig.  9,  which 
illustrates  an  engine  packing  gland  that  is  to  have  three  holes  drilled 
through  the  flange  as  indicated  by  the  dotted  lines.  This  work  could 
be  done  by  laying  out  the  three  holes  and  proceeding  as  described  in 
the  foregoing  in  connection  with  the  link  illustrated  in  Fig.  5,  but  if 
a  large  number  of  these  glands  were  to  be  drilled,  it  would  be  much, 
better  to  use  a  jig  for  properly  locating  the  drill  with  reference  to 
the  work,  without  any  preliminary  laying  out  operation.  A  simple 
form  of  Jig  for  drilling  this  flange  is  shown  at  B,  This  Jig  has  three 
holes  for  guiding  the  ,  drill,  and  one  side  is  provided  with   a  round 
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l>roJectloii  I  which  fits  closely  the  hole  in  the  gland,  in  order  to  locate 
the  Jig  in  a  central  position.  The  method  of  using  the  jig  is  shown 
in  Fig.  10.  The  gland  G  with  the  jig  J  placed  on  it,  is  clamped  to  the 
table  (in  this  particular  instance)  by  a  single  clamp  and  bolt  in  the 
center,  and  the  holes  are  drilled  by  feeding  the  drill,  successively, 
through  the  three  holes  In  the  jig.  It  will  be  seen  that  the  use  of  a 
jig  not  only  saves  time,  but  also  insures  accurate  and  uniform  work, 
for  naturally  if  a  number  of  these  glands  were  drilled  without  a  jig  and 
-by  simply  laying  out  the  holes,  more  time  would  be  required  and  there 
^wouM  also  be  some  variation  in  the  location  of  the  holes.  As  the 
result  of  the  uniformity  obtained  by  the  use  of  jigs,  corresponding 
parts  are  drilled  so  near  alike  that  they  will  interchange,  which  is  a 
great  aid  in  assembling  a  machine  and  also  makes  it  possible  to  easily 
replace  a  broken  member. 


C       Maohimwrv 


FUt,  11.    VixmA  and  Bemov«l>l«  Qolde  Bushliiffa  for  DrtU  JSffs 

The  holes  in  jigs  are  ordinarily  lined  with  hardened  steel  bushings 
to  eliminate  wear.  These  guide  bushings  fit  the  drill  closely  and  keep 
it  in  the  proper  position.  Some  jigs  have  fixed  guide  bushings  and 
others  removable  bushings.  A  fixed  bushing  is  shown  by  the  sectional 
view  at  A,  Fig.  11,  which  also  indicates  how  the  drill  is  guided  while 
it  is  drilling  the  work  w.  Jigs  are  equipped  with  removable  bushings 
when  drills  of  a  different  size  are  to  be  used,  or  when  the  drilled 
holes  are  to  be  finished  by  reaming.  For  example,  if  a  hole  Is  to  be 
drilled  and  reamed,  a  removable  tbushing  is  used  that  fits  the  drill,  as 
shown  at  B,  and  this  is  replaced  by  a  bushing  that  fits  the  reamer,  as 
shown  at  C.  As  previously  intimated,  a  jig  is  only  made  when  there 
are  quite  a  number  of  parts  to  be  drilled,  as  otherwise  the  saving  ef- 
fected by  it  would  be  more  than  offset  by  the  expense  of  making  it. 

The  ring-shaped  jig  shown  at  A  in  Fig.  12  is  used  for  drilling  the 
stud  bolt  holes  in  a  cylinder  fiange  and  also  for  drilling  the  cylinder 
head,  which  is  bolted  to  the  cylinder.  The  position  of  the  jig  when 
the  cylinder  fiange  is  being  drilled,  is  shown  at  B.  An  annular  pro- 
jection on  the  jig  fits  closely  in  the  cylinder  counterbore,  as  the  illus- 
tration shows,  to  locate  the  Jig  concentric  with  the  bore.    As  the  holes 
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in  the  cylinder  are  to  be  tapped  or  threaded  for  studs,  a  "tap  drill," 
which  is  smaller  in  diameter  than  the  bolt  body,  is  used  and  the  drill  Is 
guided  by  a  removable  bushing  &  of  the  proper  size.  Jigs  of  this  type 
are  often  held  in  position  by  inserting  an  acurately  fitting  plug 
through  the  jig  and  into  the  first  hole  drilled,  which  prevents  the  jig 
from  turning  with  relation  to  the  cylinder,  when  drilling  the  other 
holes.  When  the  jig  is  used  for  drilling  the  head,  the  opposite  side 
is  placed  next  to  the  work  as  shown  at  C  This  side  has  a  circular  re- 
cess or  counterbore,  which  fits  the  projection  on  the  head  to  properly 
locate  the  jig.  As  the  holes  in  the  head  must  be  slightly  larger  in  di- 
ameter than  the  studs,  another  size  drill  and  a  guide  bushing  of  cor- 


Flfir.  12.    Jlflr  for  Oylinder  Flange  and  Bead,  and  ito  AppUoatlon 

responding  size  is  used.     The  cylinder  is,  of  course,  bored   and   the 
head  turned  before  the  drilling  is  done. 

Jigs  of  the  Box  Type 
As  the  use  of  drill  jigs  makes  it  possible  to  perform  drilling  oper- 
ations quickly  as  well  as  accurately,  jigs  are  used  very  extensively  in 
all  modem  shops.  Those  shown  in  Figs.  9  and  12,  represent  a  very 
simple  type  that  is  often  used  for  drilling  flanges,  plates  or  similar 
parts.  Jigs  of  this  class,  as  well  as  those  of  other  types,  are  made  in 
a  great  variety  of  shapes,  and,  when  in  use,  they  are  either  applied 
to  the  work  or  the  latter  is  placed  in  the  jig.  When  the  work  is  quite 
large,  the  jig  is  frequently  placed  on  it,  whereas  small  parts  are  more 
often  held  in  the  jig,  which  is  so  designed  that  the  work  can  be 
clamped  in  the  proper  position.  The  form  of  any  jig  depends,  to  a 
great  extent,  on  the  shape  of  the  work  for  which  it  is  intended  and 
also  on  the  location  of  the  holes  to  be  drilled.  As  the  number  of  dif- 
ferently shaped  pieces  which  go  to  make  up  even  a  single  machine,  is 
often  very  great,  and,  as  most  parts  require  more  or  less  drilling,  jigs 
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are  made  in  an  almost  endlese  variety  of  sizes  and  forms.  When  all 
the  holes  to  be  drilled  in  a  certain  part  are  parallel,  and  especially  If 
they  are  all  in  the  same  plane,  a  very  simple  form  of  Jig  can  ordinarily 

be  used;  in  fact,  jigs  for 
work  of  this  class  are  often 
little  more  than  flat  plates 
having  the  necessary  guide 
bushings  and,  perhaps,  one 
or  two  clamps  for  holding 
the  jig  and  work  together.  A 
great  many  parts,  however, 
must  be  drilled  on  different 
sides  and,  frequently,  the 
work  is  very  irregular  in 
shape,  so  that  a  jig  which  is 
made  somewhat  in  the  form 
of  a  box,  and  encloses  the 
work,  is  very  essential,  as  it 
enables  the  guide  bushings  to 
be  placed  on  all  sides  and 
also  makes  it  comparatively 
easy  to  locate  and  securely  clamp  the  part  in  the  proper  position  for 
drilling.  This  type  of  jig,  which,  because  of  its  form,  is  known  as  a 
*'box  jig,"  is  used  very  extensively. 


Flff.  18.    Drm  Jiff  of  tbe  Box  Type 


Fig,  14.    Box  Jig  for  DrlUinff  Bmil  Bhown  enlarffed  at  A 

A  box  jig  of  simple  design  is  shown  in  Fig.  13.  This  particular  Jig 
is  used  for  drilling  four  small  holes  in  a  part  (not  shown)  which  is 
located  with  reference  to  the  guide  bushings  JB,  by  a  central  pin  A 
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attached  to  the  jig  body.  This  pin  enters  a  hole  in  the  work,  which 
is  finished  in  another  machine  in  connection  with  a  previous  oper- 
ation. After  the  work  is  inserted  in  the  jig,  it  is  clamped  by  closing 
the  cover  C,  which  is  hinged  at  one  end  and  has  a  cam-shaped  clamp- 
ing latch  D  at  the  other,  that  engages  a  pin  E  in  the  jig  body.  The 
four  holes  are  drilled  by  passing  the  drill  through  the  guide  bush- 
ings B  in  the  cover. 

Another  jig  ot  the  same  kind  but  designed  for  drilling  a  hole  having 
two  diameters,  through  the  center  of  a  steel  ball,  is  shown  in  Fig.  14. 
The  work,  which  is  shown  enlarged  at  A,  is  inserted  while  the  cover 


Flflr.  15.    Box  Jig«  for  DrlUlntr  Parts  wUxovm.  by  Heavy  I>ot>and-dash  Linea 

is  thrown  back  as  indicated  by  the  dotted  lines.  The  cover  is  then 
closed  and  tightened  by  the  cam-latch  D,  and  the  large  part  of  the 
hole  is  drilled  with  the  jig  in  the  position  shown.  The  jig  is  then 
turned  over  and  a  smaller  drill  of  the  correct  size  is  fed  through 
guide  bushing  B  on  the  opposite  side.  The  depth  of  the  large  hole 
could  be  gaged  for  each  ball  drilled,  by  feeding  the  drill  spindle  down 
to  a  certain  position  as  shown  by  graduation  or  other  marks,  but  if 
the  spindle  has  an  adjustable  stop,  this  should  be  used.  The  work  is 
located  in  line  with  the  two  guide  bushings  by  spherical  seats  formed 
in  the  jig  body  and  in  the  upper  bushing,  as  shown.  As  the  work  can 
be  inserted  and  removed  quickly,  a  large  number  of  balls,  which,  prac- 
tically speaking,  are  duplicates,  can  be  drilled  in  a  comparatively  short 
time  by  using  a  jig  of  this  type. 
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A  box  jig  that  differs  somewhat  in  construction  from  the  design  just 
referred  to,  is  illustrated  at  A  in  Fig.  15,  which  shows  a  side  and  top 
view.  The  work,  in  this  case,  is  a  small  casting  the  form  of  which 
is  indicated  by  the  heavy  dot-and-dash  lines.  This  casting  is  drilled  at 
a,  h  and  c,  and  the  two  larger  holes  a  and  b  are  finished  by  reaming. 
The  hinged  cover  of  this  Jig  is  opened  for  inserting  the  work  by 
unscrewing  the  T-shaped  damping  screw  s  one-quarter  of  a  turn,  which 
brings  the  head  in  line  with  a  slot  in  the  cover.  The  casting  is 
clamped  hy  tightening  this  screw,  which  forces  an  adjustable  screw 
bushing  O  down  against  the  work.  By  having  this  bushing  adjustable, 
it  can  be  set  to  givethe  right  pressure,  and,  if  the  height  of  the  cast- 
ings should  vary,  the  position  of  the  clamping  bushing  could  easily  be 
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Yiff.  10.    Method  of  Usiiiff  Jiff 

changed.  The  work  is  properly  located  by  the  inner  ends  of  the  three 
guide  bushings  a„  &„  and  c„  and  also  by  the  locating  screws  /  against 
which  the  casting  Is  held  by  knurled  thumb-screws  m  and  n.  When 
the  holes  a  and  h  are  being  drilled,  the  jig  Is  placed  with  the  cover 
side  down  as  shown  at  A  in  Fig.  16,  and  the  drill  is  guided  by  remov- 
able bushings,  one  of  which  is  shown  at  r.  When  the  drilling  is  com- 
pleted, the  drill  bushings  are  replaced  by  reamer  bushings  and  each 
hole  is  finished  by  reaming.  The  small  hole  e  is  drilled  In  the  end  of 
the  casting  'by  simply  placing  the  jig  on  end  as  shown  at  B.  Box  jigs 
which  have  to  be  placed  in  more  than  one  position  for  drilling  the 
different  holes,  are  usually  provided  with  feet  or  extensions,  as  shown, 
which  are  accurately  finished  to  properly  align  the  guide  bushings 
with  the  drill.  These  feet  extend  beyond  any  clamping  screws,  bolts, 
or  bushings  which  may  protrude  from  the  sides  of  the  Jigs,  and  pro- 
vide a  solid  support.     When  Inserting  work  In  a  jig,  care  should  be 
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taken  to  remove  all  chips  which  might  have  fallen  onto  those  surfaces 
against  which  the  work  Is  clamped  and  which  determine  its  location. 

Still  another  Jig  of  the  box  type,  which  is  quite  similar  to  the  one 
shown  at  A,  Fig.  15,  but  is  arranged  differently  owing  to  the  shape 
of  the  work  and  location  of  the  holes,  Is  shown  at  B  in  the  same 
illustration.  The  work  has  three  holes  in  the  base  /(,  and  a  hole  at  i 
which  is  at  an  angle  of  5  degrees  with  the  base.  The  three  holes 
are  drilled  with  the  Jig  standing  on  the  opposite  end  ]/,  and  the 
angular  hole  is  drilled  while  the  Jig  rests  on  the  four  feet  fc,  the 
ends  of  which  are  at  such  an  angle  with  the  Jig  body  that  the  guide 


Plff.  17.    Views  indioatlng-  how  Work  can  eK>metimes  be  used  as  a  Jiff 

bushing  for  hole  i  is  properly  aligned  with  the  drill.  The  casting  is 
located  in  this  Jig  by  the  inner  ends  of  the  two  guide  bushings  ic  and 
the  bushing  o  and  also  by  two  locating  screws  p  and  a  side  locating 
screw  q.  Adjustable  screws  t  and  f,  in  the  cover,  hold  the  casting 
down,  and  it  is  held  laterally  by  the  two  knurled  thumb-screws  u 
and  V.  If  an  attempt  were  made  to  drill  this  particular  part  without 
a  Jig  (as  would  be  done  if  only  a  few  castings  were  needed)  it  would 
have  to  be  set  with  considerable  care,  provided  the  angle  between 
hole  i  and  those  in  the  base  had  to  be  at  all  accurate,  and  it  would 
l>e  rather  difficult  to  drill  a  number  of  these  castings  and  have  them 
all  duplicates.  By  the  use  of  a  jig,  however,  designed  for  drilling  this 
particular  casting,  the  relative  positions  of  the  holes  in  any  number 
of  parts  are  practically  the  same  and  the  work  can  be  done   much 
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more  quickly  than  would  be  possible  if  it  were  held  to  the  drill-press 
table  by  ordinary  clamping  appliances. 

These  few  jig  designs  have  been  referred  to  somewhat  in  detail  to 
show,  in  a  general  way,  how  Jigs  are  constructed  and  used.  Those 
who  would  like  to  study  other  types  of  jigs  and  are  interested  in  the 
principles  of  jig  design,  will  find  the  subject  fully  covered  in 
Machinery's  Reference  Books,  Nos.  41  to  43,  inclusive. 

Using  the  Work  as  a  Jig 

When  two  separate  parts  must  have  holes  drilled  in  line  for  bolts 
or  studs,  one  part  can  often  be  used  as  a  sort  of  jig.  To  illustrate, 
suppose  a  bearing  cap  and  base  (see  sketch  A,  Fig.  17)  are  to  be 
drilled   for  inserting  bolts  as  shown  in  view  B  to  the  right     One 


Flff.  18.    Use  of  Ckranterbore  and  Oounterslnk 

method  would  be  to  first  lay  out  and  drill  the  bolt  holes  in  the  cap 
which  we  shall  assume  has  been  previously  planed  and  fitted.  The 
cap  is  then  clamped  in  position  and  the  same  drill  that  was  used  for 
the  bolt  holes  is  fed  down  to  cut  a  conical  spot  in  the  base  as 
at  C.  This  "spotting"  operation  forms  a  central  starting  point  for 
the  smaller  "tap  drill,"  which  is  then  used  as  indicated  at  D.  The 
drilling  of  holes  which  are  to  be 'tapped  will  be  referred  to  later. 

Another  method  of  drilling  this  cap  and  base  is  shown  at  E  and  F. 
Both  parts  are  clamped  together  and  drilled  with  a  tap  drill  as  at  E, 
after  which  the  cap  is  removed  and  the  holes  are  enlarged  for  the  bolts 
by  using  a  counterbore  as  indicated  at  F.  This  type  of  counterbore  is 
shown  In  detail  In  Fig.  6.  The  cutting  is  done  by  the  edges  /.  and  the 
guide  or  pilot  p  fits  closely  into  the  hole  which  the  counterbore  is  to 
follow,  so  that  the  enlarged  part  of  the  hole  will  be  concentric.  An- 
other type  of  counterbore  is  shown  at  C  This  style  has  a  single  blade 
or  cutter,  which  cuts  along  the  edges  g.  The  blade  can  be  removed  by 
unscrewing  the  binding  screw  when  it  Is  desired  to  replace  the  blade 
with  a  different  size.  Guides  and  pilots  of  different  diameters  can  also 
be  attached  to  the  end,  as  required. 


Digitized  by  CjOOQ iC 


UPRIGHT  DRILLING  MACHINES 


19 


Counterbores  are  also  used  frequently  for  enlarging  holes  to  form 
seats  for  the  heads  of  screws.  A  machine  screw  of  the  flllster-head 
type,  and  a  method  of  enlarging  a  hole  which  has  been  previously 
drilled  for  the  body  of  the  screw,  is  indicated  at  A,  Fig.  18.  The  upper 
view  shows  the  screw-head  in  position  and  the  lower  view  the  cutting 
end  of  a  counterbore  «ifter  it  has  been  fed  to  the  proper  depth.  Coun- 
terbores  are  often  used  for  facing  a  spot  around  a  hole,  as  indicate 


8 


8 


10        U       12 


oooooooooooo 


25   24 


22   21   20   19   18   17   16   15   14   13 


OOOOOOOOOOOOO 

26      27      28298081828384858687888B4041 

OOOOOOOOOOOOO   0    00 

60  59S8  57    56S5546862    51604948    47    4645     44     4842 
oooo     ooo     oooooooooooo 

Flff.  19.    Twist  Drm  and  Steel  Wire  Oa^e 

at  B,  to  provide  a  true  bearing  surface  for  a  bolt  head.  On  some 
classes  of  work,  screws  having  heads  that  are  conical  on  the  under 
side  are  used.  Forming  a  conical  seat  for  a  head  of  this  shape  is 
known  as  countersinking.  The  operation  is  similar  to  counterboring 
except  that  a  tool  for  forming  a  coni<;^l  seat  is  used  as  indicated  at  C. 
The  form  of  countersink  shown  is  used  after  the  hole  for  the  screw- 
body  has  been  drilled.  Countersinks  are  also  used  which  have  a  drill  of 


Viff.  90.    (A)  Tap  OriU.    (B)  Tap  for  Ttareadinff  Hole.    (C)  Stud 
iziaerted  in  Threaded  Hole 

the  proper  size  at  the  end,  instead  of  a  pilot,  so  that  the  straight  and 
conical  parts  of  the  hole  are  finished  in  one  operation. 

Drill  Sizes 

Reguflar  taper  shank  drills  may  be  obtained  in  a  great  variety  of 
sizes.  Many  of  the  small  drills  used  have  straight  shanks,  and  the  sizes 
are  designated  by  numbers  or  letters.  A  gage  is  shown  in  Fig.  19  for 
measuring  drills  with  numbered  sizes,  the  number  of  the  drill  being 
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indicated  by  the  number  of  the  hole  which  it  fits.  The  difference  be- 
tween the  diameters  of  consecutive  sizes  represented  by  this  gage  only 
varies  from  0.001  to  0.008  inch,  so  that  almost  any  diameter  between 
the  9m«illest  and  largest  size  can  be  obtained.  The  decimar  equivalents 
for  each  number  are  stamped  on  the  back  of  the  gage  shown.  Another 
common  form  of  gage,  known  as  the  "jobbers'  drill  gage,*'  has  a  series 
of  holes  which  vary  in  diameter  from  1/16  inch  to  1/2  inch,  the  diam- 
eters increasing  successively  by  sixty-fourths.  The  sizes  of  the  dif- 
ferent holes  are  expressed  by  common  fractions  which  are  stamped  on 
the  gage.    The  letter  size  drills  are  made  in  sets  of  twenty-six,  or  from 
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Fiff.  21.    Beaman  At  Smith  Safety  Drill-  and  Tap-holder 

A  to  Z,  and  have  a  difference  between  consecutive  sizes  varying  from 
0.004  to  0.014  inch.  Tables  giving  the  corresponding  sizes  in  decimals 
of  an  inch,  for  iboth  lettered  and  numbered  drills,  are  given  In 
Machinery's  Reference  Book,  No.  35. 

Drills  having  straight  shanks  are  held,  when  in  use,  in  chucks  at- 
tached to  the  spindle.  A  common  form  of  chuck  is  shown  in  Fig.  25. 
The  drill  is  held  between  jaws  in  the  chuck,  which  are  tightened  by 
turning  the  outer  knur'led  sleeve  by  hand  or  with  a  spanner  wrench. 

Machine  or  Power  Tappiner 

Holes  which  are  drilled  to  receive  studs  or  bolts  are  threaded  by 
the  use  of  taps.  The  hole  is  first  drilled  slightly  larger  than  the  "root 
diameter'*  of  the  thread,  by  using  a  "tap  drill"  as  at  A,  Fig.  20,  The 
Jiole  is  then  threaded  by  screwing  a  tap  into  It,  as  Indicated  at  B,  after 
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which  a  stud  or  bolt  is  inserted  as  at  C.  For  example,  if  a  hole  were 
to  be  tapped  for  a  %-inch  stud  having  a  U.  S.  standard  thread,  It 
would  first  be  drilled  to  a  diameter  of  %  inch  and  a  %-inch  tap  would 
then  be  used  to  cut  the  thread.  The  diameter  of  a  tap  drill — which  is 
so  called  because  it  is  followed  by  a  tap — varies  somewhat  for  U.  S. 
standard  and  V-threads.  and  the  proper  size  drill  to  use  for  any  diam- 
eter of  thread  is  usually  determined  by  referring  to  a  table.  (Such 
tables  are  given  in  Machinery's  Data  Sheet  BooIj,  No.  2.)  It  is  im- 
portant to  use  a  tap  drill  of  the  proper  size,  for  if  a  hole  is  drilled  too 
small,  an  excessive  amount  of  power  will  be  required  for  tapping  and, 
on  the  other  hand,  a  tap  drill  that  is  too  large  is  equally  objectionable 
as  the  threads  will  not  have  sufficient  depth. 
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Flff.  22.    Hamilton  Tapping  Attachment 

When  tapping  a  hole  the  tap  can  be  turned  with  a  hand  wrench,  but 
if  tapping  is  done  on  an  extensive  scale,  it  is  better  to  drive  the  tap 
by  power.  There  are  many  appliances  for  machine  or  power  tapping, 
which  differ  considerably  in  their  construction,  but  most  of  them  oper- 
ate on  practically  the  same  principle.  As  most  tapped  holes  do  not 
extend  clear  through  the  work,  but  are  "blind,"  provision  should  be 
made  for  allowing  the  tap  to  stop  in  case  it  should  strike  the  bottom 
of  the  hole,  as  otherwise  it  might  be  broken.  The  tap's  direction  of 
rotation  must  also  be  reversed  when  it  has  been  screwed  down  to  the 
required  depth,  in  order  to  back  it  out  of  the  hole.  One  method  of 
meeting  the  first  requirement  is  to  hold  the  tap  in  a  friction  chuck  or 
holder,  which  will  slip  in  case  the  tap  strikes  the  bottom  of  the  hole 
or  meets  with  any  other  obstruction.  A  safety  tap-  and  drill-holder 
which  is  extensively  used,  is  shown  in  Fig.  21.     This  holder  has  a 
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shank  8  which  is  inserted  in  the  spindle  of  the  drill  press,  and  at  the 
lower  end  of  this  shank  thbre  Is  an  enlarged  part  A,  which  is  recessed 
to  receive  the  friction  socket  B.  This  socket  is  held  in  place  by  a  cap 
C  which  is  screwed  onto  the  enlarged  part.  Fiber  washers  w  are  placed 
on  each  side  of  the  friction  socket  flange,  and  the  cap  C  is  tightened 
until  the  friction  between  parts  A  and  B  is  sufficient  to  drive  the 
tap.  The  check-nut  D  is  then  screwed  against  cap  C,  which  locks  the 
parts  securely.    The  tap  itself  is  held  In  a  socket  E,  which  is  inserted 

in  the  friction  socket  B. 
This  tap  socket  is  driven  by 
the  dove-tailed  keys  k, 
which  engage  the  keyways 
fci,  and  it  is  kept  from  drop- 
ping out  of  the  friction 
socket  when  there  is  no  up- 
ward pressure,  by  a  small 
spring-pin  m  which  enters 
the  groove  w/,.  The  tap, 
which  has  a  special  shank, 
is  also  driven  by  side  keys 
and  it  is  retained  by  a 
spring-pin  n  which  engages 
the  annular  groove  shown. 
The  tap  is  not  held  rigidly 
but  is  allowed  a  slight 
"floating"  movement  to  se- 
cure better  alignment  with 
the  hole  and  a  more  perfect 
thread.  If  a  tap  which  is 
held  in  a  holder  of  this  type, 
strikes  the  bottom  of  the 
hole,  the  friction  socket  B 
will  slip  (provided  the  fric- 
tion is  properly  adjusted) 
and  the  tap  will  stop  turn- 
ing while  the  shank  8  con- 
tinues to  revolve.  In  this 
way  the  breaking  of  taps  is  avoided.  This  form  of  holder  is  also  used 
for  drilling,  the  drill  being  held  in  a  socket  F  having  a  standard  taper 
hole  for  receiving  the  drill  shank.  These  sockets  are  also  inserted  in 
the  friction  socket  B  and  they  are  made  in  sets  to  receive  drill  shanks 
of  different  sizes.  The  power  required  to  overcome  the  friction  between 
the  parts  A  and  B  and  cause  a  slipping  movement,  should  be  less  than 
that  represented  by  the  breaking  strength  of  the  drill  or  tap.  On  some 
drilling  machines  an  adjustable  friction  is  introduced  in  the  spindle- 
driving  mechanism  to  prevent  the  breaking  of  taps. 

The  mechanism  for  reversing  the  spindle  of  a  drill  press,  when  the 
tap  has  reached  the  required  depth,  is  known  as  a  tapping  attachment 
One  form  of  tapping  attachment  is  illustrated  in  Fig.  22  which  is  a 


Flff.  23.   Brrinflrton  Autoni&tio-r«var0« 
Tapping  Otauck 
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partial  view  of  an  upright  drilling  machine.  When  a  hole  ia  being 
tapped,  power  is  transmitted  to  the  spindle  through  gears  A,  B,  C  and 
D,  until  the  tap  has  been  fed  to  the  required  depth;  the  spindle  rota- 
tion is  then  reversed  by  shifting  lever  L  which,  by  means  of  a  friction 
clutch  at  G,  locks  gear  E  with  the  upper  shaft  and  releases  gear  C. 
The  drive  is  then  from  gear  E  to  F  through  an  intermediate  gear  at 
the  rear,  which  reverses  the  movement  for  backing  the  tap  out  of  the 
hole.  By  placing  lever  L  in  a  central  or  "neutral"  position,  the  spindle 
can  also  be  stopped,  so  that  the  machine  is  controlled  by  this  single 
lever.    Before  beginning  to  tap,  the  feed-worm  W,  Fig.  1,  is  disengaged 


Fig.  24.    Method  of  Aonimng  OU-tube  DriU  to  DrlU-prepa 


and  the  tap  is  started  in  the  hole  by  feeding  it  down  with  hand  lever  Q. 
As  soon  as  a  thread  is  started,  the  spindle,  being  free  to  move  ver- 
tically, is  fed  down  by  the  screwing  action  of  the  tap. 

Brrinirton  Automatic-reverse  Tapping  Ohuok 
A  tapping  device  is  shown  in  Fig.  23,  which  is  so  arranged  that  the 
tap  automatically  stops  when  it  strikes  the  bottom  of  the  hole  or  when 
the  adjustable  depth  gage  O  comes  against  the  top  of  the  work.  The 
raising  of  the  spindle  then  reverses  the  tap  which  backs  out  at  an 
increased  speed.  This  tapping  chuck  C  is  inserted  in  the  spindle  Just 
like  an  ordinary  drill  chuck  and  as  the  tap  is  automatically  reversed 
when  the  spindle  is  raised,  no  reversing  gears  or  double  belts  are  re- 
quired to  stop  or  change  the  rotation  of  the  machine  spindle.  When 
this  chuck  is  used  in  connection  with  light  duplicate,  work  which  will 
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center  Itself  with  the  tap,  very  rapid  production  can  be  obtained  by 
the  following  method:  The  work  W  to  be  tapped  is  prevented  from 
rotating  by  passing  it  between  two  parallel  pieces  8  clamped  to  the 
drill  press  table,  just  far  enough  apart  to  allow  the  work  to  be  inserted 
easily.    When  a  hole  is  being  tapped,  the  spindle  is  raised  and  lowered 


Fl8    26. 


Preaaure  for  Feeding  Larg-e  Drill  con  be  reduced 
by  D«iU]ng  Small  "Leao  Hole" 


with  the  right  hand  while  the  work  is  Inserted  between  the  parallel 
pieces  with  the  (eft  hand,  the  operation  being  practically  continuous. 
When  this  method  is  employed,  the  drilling  is  first  completed  and  then 
the  parts  are  re-handled  for  the  tapping  operation.  Small  round  or 
irregularly  shaped  parts  can  often  be  held  to  advantage  in  a  special 
holder  which  is  passed  between  guides  S  attached  to  the  table.     This 


rig.  20.     A)  Three-ffToove  Drill.    (B)  Btralffht- fluted  DriU 

type  of  chuck  is  made  with  a  positive  drive  or  with  an  adjusCable 
friction  drive  that  prevents  the  breaking  of  taps.  Part  of  the  chuck 
and  gage  G  are  prevented  from  rotating  by  a  rod  R  which,  in  this  case, 
rests  against  the  left  side  of  the  machine  column.  This  rod  slides 
freely  up  and  down  as  the  spindle  and  tap  are  raised  and  lowered. 

Numerous  other  attachments  are  used   for  tapping  and  when   this 
class  of  work  is  done  in  large  quantities,  special  machines  are  often 
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employed.    A  lubricant  such  as  sperm  or  lard  oil  should  be  used  when 
tapping. 

Oil  Drills— Drillinsr  Larcre  HoleB— Special  Drills 

As  previously  stated,  a  lubricant,  such  as  oil  or  soda  water  should 
be  applied  to  the  drill  point  when  drilling  iron  and  steel,  in  order  to 
secure  efficient  results.  Ordinarily  the  lubricant  is  inserted  in  the  hole 
and  runs  down  the  drill  flutes  to  the  cutting  end,  but  when  a  deep 
hole  is  being  drilled,  this  method  is  unsatisfactory  as  the  chips  which 
are  carried  upward  to  the  surface  by  the  spiral  grooves,  tend  to  pre- 
vent the  lubricant  from  reaching  the  drill  point.  To  overcome  this 
difficulty,  twist  drills  are  made  having  internal  oil  holes  as  shown  by 
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565 

855 

l7 

•    58 

89 

150 

A 

818 

452 

684 

liV 

55 

84 

148 

1 

265 

877 

570 

1* 

.58 

81 

186 

^ 

227 

828 

489 

lA 

50 

77 

180 

i 

188 

267 

412 

li 

46 

74 

122 

A 

168 

288 

867 

ii% 

44 

71 

117 

* 

147 

214 

880 

iV 

40 

66 

118 

H 

188 

194 

800 

iH 

88 

68 

109 

? 

112 

168 

265 

U 

87 

61 

105 

? 

108 

155 

244 

m 

86 

59 

101 

96 

144 

227 

iT 

88 

55 

98 

H 

89 

184 

212 

iH 

82 

58 

95 

1 

76 

115 

191     ^ 

2 

81 

51 

92 

the  dotted  lines.  Pig.  24,  which  lead  the  lubricant  directly  to  the  cutting 
end.  A  special  socket  8  is  used  for  an  oil  drill,  having  a  stationary 
collar  c  which  is  connected  with  a  pipe  and  hose  leading  to  the  source 
of  supply.  This  collar  has  an  annular  groove  located  opposite  holes 
in  the  revolving  socket,  which  permits  the  lubricant  to  enter  holes  in 
the  drill  shank.  The  lubricant  is  either  supplied  by  a  pump  or  it  is 
fed  by  gravity  from  a  bucket  suspended  above  the  drill. 

The  pressure  required  for  feeding  a  large  drill  is  considerable,  but  it 
can  be  greatly  reduced  and  the  drill  be  made  to  cut  faster,  by  first 
drilling  a  small  "lead  hole,"  as  shown  in  the  view  to  the  left.  Fig.  25. 
The  diameter  of  this  lead  hole  should  be  as  large,  or  a  little  larger, 
than  the  width  to  of  the  drill  point,  because  this  point  does  not  have 
the  keenness  of  the  cutting  edges  and  merely  scrapes  the  metal,  so  that 
the  pressure  necessary  to  force  it  downward  is  comparatively  great. 
The  lead  hole  relieves  this  excessive  pressure  and  permits  all  the 
thrust  to  come  directly  on  the  cutting  edges  of  the  drill,  as  indicated 
by  the  sectional  view  to  the  right. 
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HBNRT  A  WRIOBT  MAITUFAOTURINO  OO.'S  STAin>ARD 

CHART 

OF  8FBBDB  AND  FSBDS  FOR 

DBILLINO 

Curbon  Steel  Drilli                                                           1 

Sise 

Feed 

Bronxe, 

Clron 

Hand 

Mild 

Drop 

Mai. 

T0(d 

Cast 

of 

^. 

Brass. 

Ann'ld, 

C.  Iron, 

Steel 

Forsr., 

Iron, 

Steel. 

Steed. 

DrUl 

160  Feet 

86  Feet 

40  Feet 

«OFeet 

80  Feet 

46Feet 

SOFeet 

20  Feet 

Inches 

Inches 

R.PJi. 

R.P.M. 

R.P.M. 

R.P.M. 

R.P.M 

R.  P.M. 'r.  P.M. 

R.P.M. 

A 

0.008 

•5186 

2440 

8660 

1880 

2746 

1880 

1220 

i 

0.004 

4675 

2598 

1220 

1840 

915 

1876 

915 

610 

0.005 

8050 

1728 

818 

1220 

610 

915 

610 

407 

^ 

0.006 

2287 

1296 

610 

916 

458 

686 

458 

806 

JL 

0.007 

1880 

1037 

488 

782 

866 

669 

866 

245 

f 

0.008 

1525 

864 

407 

610 

806 

468 

805 

208 

A 

0.009 

1807 

741 

849 

528 

261 

892 

261 

174 

i 

0.010 

1148 

648 

805 

468 

229 

848 

229* 

158 

0.011 

915 

519 

244 

866 

188 

275 

188 

122 

|. 

0.012 

762 

482 

204 

805 

168 

212 

158 

102 

^ 

0.018 

654 

871 

176 

262 

181 

196 

181 

87 

1 

0.014 

671 

828 

163 

229 

115 

172 

116 

77 

u 

0.016 

458 

260 

122 

188 

92 

188 

92 

61 

U 

0.016 

881 

216 

102 

158 

77 

106 

77 

61 

u 

0.016 

827 

186 

88 

181 

66 

98 

66 

44 

2 

0.016 

286 

162 

77 

115 

58 

86 

58 

89 

Hiffh-tpeed  Steel  Drille                                                          1 

Sisa 

Feed 

Bronse, 

Clron 

Clron 

Mild 

Drop 

MaL 

Tool 

Caat 

of 

per 

Brass. 

Ann'ldi 

Hard. 

SteeU 

For«.. 

Iron. 

Steel. 

Steel 

Drill 

Rev. 

800  Feet 

170  Feet 

80  Feet 

120Feet 

60  Feet 

90  Feet 

60  Feet 

40  Feet 

Inehes 

Inches 

R.P.M. 

R.P.II. 

r.p.m.|r.pj«. 

R.P.M. 

R.P.M. 

R.PJf. 

R.P.M. 

iV 

0.008 

4880 

8660 

8660 

2440 

i 

0.004 

5185 

2440 

8660 

1880 

2745 

1880 

1220 

A 

0.005 

8456 

1626 

2440 

1210 

1880 

1220 

807 

i 

0.006 

4575 

2598 

1220 

1880 

915 

1875 

915 

610 

A 

0.007 

8660 

2074 

976 

1464 

782 

1188 

782 

490 

1 

0.008 

8050 

1728 

818 

1220 

610 

915 

610 

407 

A 

0.009 

2614 

1482 

698 

1046 

522 

784 

622 

848 

i 

0.010 

2287 

1296 

610 

915 

458 

686 

458 

805 

i 

O.Oll 

1880 

1087 

488 

782 

866 

569 

866 

245 

i 

0.012 

1525 

864 

407 

610 

805 

458 

806 

208 

i 

0.018 

1307 

741 

849 

628 

261 

892 

261 

174 

1 

0.014 

1148 

648 

805 

458 

229 

849 

229 

158 

li 

0.016 

915 

519 

244 

866 

188 

276 

188 

122 

li 

0.016 

762 

482 

204 

805 

153 

212 

158 

102 

If 

0.016 

654 

871 

175 

262 

181 

196 

181 

87 

2 

0.016 

571 

823        158  1 

229 

115 

172 

116 

77 

Copyright.  1911,  by  the  Henry  A  Wright  Mfff.  Co. 

Large  holes  are  sometimes  drilled  about  one-half  or  two-thirds  the 
required  size  by  first  using  an  ordinary  two-groove  drill,  which  is  then 
followed  by  a  three-  or  four-groove  drill  similar  to  the  one  shown  at  A. 
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Fig.  26.  This  type  is  only  used  for  following  smaller  drills  or  for 
enlarging  cored  holes,  and  it  is  not  adapted  for  drilling  holes  into 
solid  stock. 

A  drill  is  shown  at  B  in  Fig.  26,  having  two  straight  flutes  instead 
of  the  spiral  form.  This  type  is  used  to  advantage  for  the  drilling  of 
brass  or  thin  sheet  metal.  Ordinarily  twist  drills,  owing  to  the  acute 
angles  of  the  cutting  edges,  tend  to  "dig  in"  or  catch  especially  when 
coming  through  the  lower  side  of  a  thin  plate,  but  this  is  largely  over- 
come by  the  straight-fluted  type,  as  the  cutting  edges  do  not  have 
the  rake  or  slope  common  to  twist  drills.  Sometimes  the  cutting  edges 
of  twist  drills  are  ground  flat  at  the  front  for  drilling  brass  or  thin 
sheet  metal. 

Speed  of  Drills 

The  proper  speed  for  a  drill  depends  on  its  diameter  and  the  kind 
of  material  being  drilled.  The  table  on  page  25  (which  is  recom- 
mended by  the  Morse  Twist  Drill  ft  Machine  Co.)  gives  the  speeds  in 
revolutions  per  minute,  for  drills  ranging  from  1/16  inch  to  2  inches  in 
diameter,  when  drilling  wrought  iron,  steel,  cast  iron  or  brass.  It 
may  be  necessary  to  vary  these  speeds  somewhat  in  accordance  with 
the  hardness  of  the  metal.  Some  castings,  for  example,  are  soft  and 
others  very  hard,  so  that  it  is  not  possible  to  give  speeds  which  will 
apply  under  all  conditions.  If  the  speed  is  too  high,  this  will  be  shown 
by  the  action  of  the  drill  and  the  wear  on  the  cutting  edge.  Oil  drills 
can  usually  be  run  about  25  per  cent  faster  than  the  speeds  listed. 
Drills  made  from  "high-speed"  steel  can  also  be  run  at  much  higher 
speeds  than  those  made  from  ordinary  carbon  steel.  An  approximate 
idea  of  the  feed  to  use  for  the  various  drill  diameters  can  be  obtained 
from  the  following  figures:  A  14-inch  drill  should  have  a  feed  of 
about  0.005  inch,  a  i^-inch  drill,  0.007  inch,  and  a  %-inch  size,  0.010 
inch  per  evolution  of  the  spindle. 

The  following  suggestions  regarding  the  use  of  high-speed  steel 
drillfi,  ere  given  by  the  Cleveland  Twist  Drill  Co.  The  drill  should  be 
started  with  a  peripheral  speed  ranging  between  50  and  60  feet  per 
mdnute,  and  with  a  feed  varying  from  0.005  to  0.010  inch  per  revolu^ 
tion,  for  drills  over  y^  inch  in  diameter.  The  following  points  should 
also  be  carefully  observed  to  obtain  the  best  results.  If  the  drill 
has  a  tendency  to  wear  away  on  the  outside,  it  is  running  too  fast,  and 
if  it  breaks  or  chips  on  the  cutting  edges,  the  feed  is  too  coarse.  When 
used  in  steel  or  wrought  iron,  the  drill  should  be  flooded  with  a  good 
lubricant  or  cutting  compound.  Parafl^ne  oil  is  recommended  for  brass 
and  an  air  blast  for  cast  iron. 

The  tables  on  page  26  give  both  speeds  and  feeds  for  various  sizes 
of  carbon  and  high-speed  steel  drills.  These  tables  were  compiled  by 
a  special  committee  and  represent  the  results  of  tests  covering  a 
period  of  over  two  years,  which  were  made  to  determine  the  most 
efllcient  feeds  and  speeds  for  drilling  the  difTerent  metals  listed.  The 
speeds  -given  are  comparatively'  high,  and  are  only  recommended  for 
U8e  with  drilling  machines  o»f  the  high-speed  type. 
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RADIAL,  SBNSITIVB,  MULTIPLB-SPINDLB,  AND 
HIGH-DUTY  DRILLING  MACHINES 

What  is  known  as  a  radial  drilling  machine  is  illustrated  in  Fig.  27. 
This  type  differs  from  the  vertical  machine  illustrated  in  Fig.  2  in  that 
the  drilling  head  is  so  mounted  that  it  can  be  moved  to  the  required 
position  for  drilling,  instead  of  adjusting  the  work  or  table  each  time 
a  new  hole  is  to  be  drilled.   Because  of  this  feature,  the  radial  drill  is 


rig.  27.    Dreees  Radial  Drilling  Machine 

especially  adapted  to'heavy  work,  as  a  number  of  holes  can  be  drilled 
by  simply  adjusting  the  drill  head  to  the  proper  position.  This  drill 
head,  which  contains  the  spindle  8,  is  mounted  on  an  arm  A  carried 
by  an  outer  column  B,  which,  with  the  arm,  can  be  turned  about  a 
stationary  inner  column  attached  to  the  base.  The  head  can  also  be 
traversed  along  the  arm,  and  this  radial  adjustment,  combined  with 
the  swinging  movement  of  the  arm  about  the  column,  makes  it  pos- 
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slble  to  set  the  drill  spindle  in  any  position  within  the  range  of  the 
machine.  The  drill  spindle  is  driven,  indirectly,  by  a  belt  operating 
pulley  P.  The  shaft  carrying  this  pulley  drives,  through  gearing,  a 
lower  shaft  C  which  transmits  the  movement,  by  means  of  bevel  gears, 
to  a  vertical  internal  shaft  which  extends  to  the  top  of  the  column. 
At  this  point  connection  is  made  by  spur  gears  with  an  outer  vertical 
shaft  A  which  drives  shaft  E  mounted  on  the  arm.  Shaft  E,  in  turn, 
rotates  through  bevel  gears,  a  vertical  shaft  at  the  rear  of  the  head 
which  drives  the  drill  spindle.  The  spindle  can  be  started,  stbpped  or 
reversed  by  lever  F,  which  controls  the  connection  between  shaft  E  and 
the  rear  vertical  shaft.  The  head  is  traversed  along  the  arm  by  hand- 
wheel  G  and  the  spindle  can  be  fed  by  handwheel  H  or  by  power.  The 
spindle  can  also  be  traversed  rapidly  up  or  down  by  pilot  wheel  / 
after  the  feed  has  been  disengaged. 

The  power  feed  is  derived  from  the  spindle  through  gears  which 
drive  shaft  K  which  rotates,  through  worm-gearing,  a  pinion  shaft 
meshing  with  a  rack  cut  in  the  spindle  quill.  The  feed  is  engaged  or 
disengaged  by  handle  L,  and  it  can  also  be  disengaged  by  an  auto- 
matic stop  mechanism,  which  is  adjustable  and  can  be  set  previously 
for  tripping  the  feed  when  a  hole  has  been  drilled  to  the  required 
depth.  The  amount  of  feed  is  varied  by  handles  M  smd  N,  which 
change  the  combination  of  the  feed  gearing  enclosed  at  0.  The  spindle 
speeds  are  changed  by  shifting  lever  Q  of  the  geared  speed-box,  to  dif- 
ferent positions  controlled  by  the  notches  shown,  and  the  range  of 
seven  speeds  obtained  in  this  way  can  be  tripled  by  back-gears  in  the 
spindle  head,  which  are  engaged  or  disengaged  by  handle  R.  The 
radial  arm  A  can  be  adjusted  vertically  on  column  B  by  power,  the 
adjustment  being  controlled  by  lever  U.  Both  the  arm  and  column  can 
be  clamped  rigidly  in  any  position  by  the  levers  shown.  The  work  13 
placed  either  on  table  T  or  directly  on  the  base,  the  position  depending 
on  its  size. 

The  machine  just  described  is  known  as  a  plain  radial  type  and  it 
can  only  be  used  for  drilling  holes  at  right  angles  to  the  base,  whereas 
what  is  known  as  the  universal  type,  is  also  adapted  to  drilling  holes 
at  an  angle.  The  head  and  drill  spindle  of  a  "full  universal"  machine 
can  be  set  at  an  angle  with  the  radial  arm.  and  tha  latter  can  also 
be  rotated  about  its  own  center  or  axis,  so  that  the  drill  spindle  can 
be  placed  in  almost  any  position.  With  the  exception  of  the  changes 
necessary  to  permit  these  adjustments,  the  construction  of  the  uni- 
versal radial  is  practically  the  same  as  that  of  the  plain  type.  It  should 
be  remembered,  however,  that  the  construction  of  drilling  machines,  as 
well  as  of  other  types  of  machine  tools,  varies  more  or  less  with  differ- 
ent makes. 

Sensitive  Drill-press 

The  type  of  machine  illustrated  in  Fig.  28  is  intended  especially  for 
drilling  small  holes  in  light  work.  The  power  is  transmitted  directly 
to  the  spindle  by  belts  which  operate  on  the  pulleys  shown.  This  par- 
ticular design  is  driven  direct  by  a  motor  M  which  is  connected  with 
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the  lower  cone  pulley.    The  speed  changes  are  obtained  by  shifting  the 
belt  connecting  the  two  cone  pulleys  to  steps  of  different  diameter,  and 

the  tension  of  the  belts  can  be  vari- 
ed by  the  handwheels  W,  The  spin- 
dle and  drill  have  a  hand-feeding 
movement  only.  This  is  effected  by 
hand-leVer  H,  which  rotates  a  pinion 
meshing  with  a  rack  attached  to  the 
spindle  quill.  This  simple  method  of 
feeding  the  drill  has  two  distinct  ad- 
vantages when  applied  to  the  drilling 
of  small  holes:  In  the  first  place,  it 
enables  the  workman  to  drill  rapidly, 
because,  ordinarily,  little  time  is  re- 
quired  for  drilling  small  holes  and 

f"Uf^  r  ^  ^^^  ^^*^^  ^^°  ^^  raised  and  lowered 

^Jl  quickly   when    its   movement   is   en- 

flfi  tirely  controlled  by  hand.    The  hand- 

le feed   is   also   very   sensitive,    as   the 

operator  can  tell  by  the  sense  of  feel- 
ing about  how  much  work  the  drill 
is  doing,  and  by  regulating  the  down- 
ward feedii^  pressure  accordingly, 
the  breaking  of  drills  is  largely 
avoided.  For  this  reason,  light  ma- 
chines of  this  class  are  called  sensi- 
tive drills.  The  machine  illustrated 
has  two  work-tables.  The  upper 
square  table  can  be  set  at  an  angle 
with  the  spindle  for  angular  drilling 
and  for  supporting  work  having  an 
angular  base.  When  this  table  is 
not  in  use  it  can  be  swung  to  one 
side.  The  round  table  beneath  can 
be  adjusted  vertically  on  the  column, 
and  the  position  of  the  spindle  head 
can  also  be  varied  as  required.  When 
necessary,  the  round  table  can  be  re- 
moved from  its  supporting  bracket 
and  be  replaced  with  either  the  cone 
or  crotch  centers  shown.  These  cen- 
ters are  used  for  supporting  the  ends 
of   shafts,   spherical   and   cylindrical 

parts,  etc.    This  machine  has  a  capacity  for  holes  up  to  about  9/16  inch 

in  diameter. 

Multiple- spindle  Drillingr  Machines 

A  great  many  parts  that  have  to  be  drilled,  require  holes  of  different 
diameters,  and  other  operations  such  as  counterboring,  reaming  or 
countersinking  are  frequently  necessary.     When  work  of  this  class  is 


Fiff.  28.    DrUl-press  of  tbd 
Sensitive  Type 
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done  in  a  machine  having  one  spindle,  considerable  time  is  wasted  in 
removing  one  drill  and  replacing  it  with  a  different  size  or  with  some 
other  kind  of  tool.    For  this  reason,  drilling  machines  having  several 


Fiff.  29.    Henry  A  Wright  Multiple-spindle  DrlUinar  Machine 

spindles  are  often  used  when  the  work  requires  a  number  of  successive 
operations.  The  advantage  of  the  multiple  spindle  or  "gang"  type  is 
that  all  the  different  tools  necessary  can  be  inserted  in  the  various  spin- 
dles, and  the  drilling  is  done  by  passing  the  work  from  one  spindle 
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to  the  next.  By  this  method,  holes  of  different  diameter  can  be  drilled 
and  counterboring  or  reaming  operations  be  performed  without  chang- 
ing any  tools.  Multiple-spindle  machines  can  also  be  used  to  advan- 
tage for  other  purposes. 

One  type  of  multiple-spindle  drilling  machine  is  illustrated  in  Fig. 
29.  This  particular  design  has  four  spindles,  but  the  number  of  spindles 
in  a  machine  of  this  type  depends  on  the  work  for  which  it  is  intended. 
The  spindles  are  all  driven  from  a  horizontal  shaft  S  at  the  rear  to 
which  they  are  connected  by  belts  as  shown.  The  idler  pulleys  /  over 
which  the  driving  belts  pass  in  making  the  quarter  turn,  can  be  ad- 
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Fiff.  SO.    Method  of  Uslnff  Moltlple-splndle  Machine  for  Sucoeasive  Operationa 

justed  for  varying  the  tension  of  the  belts  by  the  handwheels  W.  The 
table  T  can  be  raised  or  lowered  by  the  screw  and  crank  shown,  to  suit 
the  height  of  the  work,  and  the  spindle  heads  U  also  have  vertical  ad- 
justment. The  spindles  are  fed  downward  for  drilling  by  the  hand- 
levers  L. 

The  method  of  using  a  multiple-spindle  machine  for  performing  suc- 
cessive operations  on  the  same  part  is  illustrated  in  Fig.  30.  The 
work  W,  which  is  held  in  a  box  jig,  is  drilled  and  reamed  at  a  and  t 
and  a  small  hole  c  is  drilled  in  the  end.  The  holes  a  and  5  are  first 
drilled  with  the  left-hand  spindle  by  feeding  the  drill  through  guide 
bushings  A  and  B.  The  jig  is  then  turned  over  (as  shown  by  the  dotted 
lines)  and  moved  to  the  next  spindle  containing  a  reamer  of  the  proper 
size,  which  is  guided  by  bushings  D  and  E  in  the  bottom  of  the  jigi/  as 
it  is  fed  through  the  work.     The  third  and  last  hole  c  is  drilled  by 
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the  right-hand  spindle,  while  the  jig  is  standing  on  end  as  shown.    The 
advantage  of  having  all  the  tools  at  hand  so  that  the  work  can  he  com- 
pleted by  simply  moving  it  from  one  spindle  to  the  next,  is  obvious. 
Drilling  machines  of  the  multiple-spindle  type  are  also  commonly 


Fl«r.  81.    Pratt  A  Wliltney  Adjustable  Multiple-spindle  Drilling  Iiiaohine 

used  for  drilling  a  number  of  holes  simultaneously.  The  arrangement 
of  these  machines  is  varied  considerably  to  suit  different  kinds  of  work, 
but  they  may  be  divided  into  two  general  classes ,  namely,  those  having 
spindles  which  remain  in  the  same  plane  but  can  be  adjusted  for  vary- 
ing the  center-to-center  distance,  and  those  having  spindles  which  can 
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be  grouped  In  a  circular,  square  or  Irregular  formation.  The  first  class 
referred  to  is  used  for  drilling  rows  of  boU  or  rivet  holes  in  steel 
plates,  etc.,  and  the  second  type  is  adapted  to  the  drilling  of  cylinder 
flanges,  valve  flanges  or  similar  work.  A  machine  of  the  latter  type 
is  illustrated  in  Fig.  31.  This  machine  has  sixteen  spindles,  all  or  part 
of  which  can  be  used,  as  required.  These  spindles  are  driven  from  a 
single  pulley  P  to  which  they  are  connected  by  shafts  S  and  spur  gears. 
The  connecting-shafts  have  universal  joints  which  permit  the  spindles 
to  be  arranged  in  accordance  with  the  work.  When  the  machine  is  in 
operation,  the  table  and  work  are  fed  upward  against  the  revolving 
drills.  The  feeding  mechanism  is  located  at  F  and  the  power  feed  is 
derived  from  pulleys  A  and  B,  which  are  connected  by  a  belt  as  shown. 
The  table  can  also  be  fed  by  hand  lever  L,  which  is  connected  with 
the  feed  pinion  shaft.  By  simply  loosening  a  nut,  this  lever  can  be 
set  to  the  most  convenient  position  for  the  operator.  The  power  feed 
is  engaged  or  disengaged  by  a  downward  or  upward  movement  of  lever 
C.  It  can  also  be  disengaged  automatically  at  any  point  by  an  ad- 
justable stop  D.  As  practically  all  work  done  on  this  type  of  machine 
is  ''jig  drilled,"  the  spindles  are  set  by  aligning  them  with  the  holes 
in  the  jig.  The  position  of  the  spindles  is  changed  by  adjusting  the 
spindle  arms  E  which  are  clamped  to  the  under  side  of  the  housing. 
The  spindles  have  an  independent  vertical  adjustment  so  that  drills  of 
different  lengths  can  be  used.  This  feature  also  permits  setting  the 
spindles  for  drilling  holes  that  are  not  in  the  same  horizontal  plane. 
The  machine  illustrated  is  set  up  for  drilling  lathe  carriages.  The 
work  W  is  mounted  in  a  jig  J  and  the  various  holes  are  all  drilled  at 
the  same  time.  A  number  of  castings  which  have  been  drilled  are 
shown  on  the  floor  to  the  right 

Multiple-spindle  machines  of  this  type  are  also  built  In  much  larger 
sizes  and  in  designs  which  are  adapted  to  different  classes  of  work. 

High-duty  Drilling  Machine 

Two  views  of  a  powerful  and  rigid  drilling  machine  which  is  es- 
pecially adapted  to  rapid  drilling,  are  shown  in  Fig.  32.  Thle  type 
was  developed  for  driving  modem  high-opeed  drills,  which  are  cap- 
able of  much  higher  speeds  than  drills  made  of  carbon  steel.  The 
frame  of  the  machine  is  designed  to  avoid  any  deflection  when  sub* 
jected  to  heavy  feeding  pressures.  Where  there  is  any  springing  ac- 
tion, either  in  the  frame  or  work  table,  the  drill  will  bind  In  the  hole 
(especially  if  it  be  a  long  one)  and  tni»  greatly  increases  the  amount 
of  power  required.  The  increased  friction  also  expands  the  drill,  thus 
causing  it  to  bind  more  tightly,  which  may  result  In  breaking  the 
drill,  owing  to  excessive  torsional  strain. 

This  machine  is  driven  by  a  belt  operating  on  tight  and  loose  pul- 
leys at  A.  From  here  the  motion  is  transmitted  through  encloeed 
back-gears,  to  an  intermediate  pulley  B  on  the  other  side  of  the  ma- 
chine, where  connection  is  made  by  belt  with  speed-box  O.  There  are 
eight  speed  changes  obtained  by  sliding  gears  in  this  speed^box.  Con- 
nection is  made  with  the  spindle  through  the  bevel  gears  D,  vertical 
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shaft  E  and  the  spur  gears  shown.  The  illustration  to  the  right  shows 
the  machine  equipped  with  a  plain  work  table,  and  the  left-hand 
view  shows  a  "compound"  table  having  longitudinal  and  cross  adjust- 
ments. These  tables  have  vertical  adjustment  on  the  face  of  the 
frame  or  column.     This  adjustment  is  efEected  'by  turning  shaft  Q 


Fiff.  aa.    Baker  Bros.  Hlffb-duty  Type  of  DrlUlnff  Machine 

which  operates  elevating  screw  F.    The  compound  table  permits  work 
to  be  accurately  centered  under  the  drill,  after  it  is  clamped  in  place. 

The  following  figures  will  give  a  general  idea  of  this  machine's  ca- 
pacity for  rapid  drilHng.  Several  1%-inch  holes  were  drilled  through 
4  1/4-inch  cast  iron  blocks  at  the  rate  of  8  2/3  seconds  per  hole,  and  a 
number  of  15/16  inch  holes  were  drilled  through  3/4  Inch  machine 
steel  plate  at  the  rate  of  3^2  seconds  per  hole. 
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GRINDING  TWIST  DRILLS 

The  point  or  cutting  end  of  a  drill  should  be  carefully  ground  because 
a  poorly  formed  drill  effects  the  quaiity  and  quantity  of  the  work  pro- 
duced. It  is  difllcult  to  grind  drills  theoretically  correct  by  hand,  at 
least  in  a  reasonable  length  of  time,  and  special  grinders  are  often 
used  for  this  purpose.  Many  shops,  however,  do  not  have  such  grind- 
ers, but  if  the  requirements  of  a  correctly  formed  drill  point  are  known, 
it  is  possible,  with  practice,  to  grind  a  drill  satisfactorily  by  hand. 
The  requirements  briefly  stated  are  as  follows:    The  two  cutting  edges 


FlfT.  88.    Views  staowinflT  Aturles  to  be  Considered  when  Orindlnff  DriUs,  and 
Methods  of  Measuriuir  Lip  Angle  and  Clearance 

should  incline  at  the  proper  angle  a  with  the  axis,  as  shown  at  A  in 
Fig.  33;  each  edge  should  have  the  same  inclination  and  be  of  the 
same  length;  the  angle  of  clearance  c  (see  sketch  B)  should  be  suffi- 
cient to  permit  the  drill  to  cut  freely;  the  clearance  should  be  the 
same  on  both  sides,  and  increase  toward  the  point  of  the  drill. 

At  A  in  Fig.  34  is  shown  the  relation  between  a  drill  point  and  a 
hole  when  the  cutting  edges  are  not  at  the  same  angle  with  the  axis. 
When  both  cutting  edges  are  ground  to  the  same  angle,  one  edge  coun- 
teracts the  tendency  of  the  other  to  spring  away  from  the  cut  (pro- 
vided the  clearance  is  also  correct),  but  when  these  ang'les  are  different, 
as  shown,  one  edge  will  do  more  work  than  the  other,  thus  subjecting 
the  drill  to  an  unbalanced  twisting  or  torsional  strain.  The  drill  will 
also  be  forced  sldewise,  which  will  result  in  an  enlargement  of  the  hole. 

The  effect  produced  when  the  lengths  of  the  cutting  edges  are  un- 
equal, is  illustrated  at  B.     As  the  drill  revolves  about  the  center  or 
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point  p,  when  it  is  fed  into  the  metal,  the  horizontal  diBtance  x  from 
this  point  to  the  aide  furthest  away,  will  equal  the  radius  of  the  hole 
which  will,  of  course,  be  larger  than  the  drill  diameter  if  the  point  is 
not  central;  therefore,  each  cutting  edge  should  have  the  same  length, 
as  otherwise  the  drill  will  cut  a  hole  larger  than  its  diameter.  At  C 
a  drill  point  Is  shown  having  cutting  edges  inclined  at  different  angles 
to  the  axis  and  of  difTerent  lengths,  thus  combining  the  disadvantages 
mentioned  in  the  foregoing. 

E^ch  cutting  edge  should  be  ground  to  an  angle  of  about  59  degrees 
with  the  axis.  When  grinding,  support  the  drill  on  the  tool-rest  of 
the  grinder,  and  move  it  slowly  back  and  forth,  In  order  that  any 
unevenness  In  the  wheel-face  will  not  affect  the  straightness  of  the 
cutting  edge.  Use  preferably  the  face  of  the  grinding  wheel  in  order 
to  derive  benefit  from  the  cooling  water,  and  grind  slowly  so  that  the 
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temper  of  the  drill  will  not  be  affected.  The  position  of  the  drill  in 
relation  to  the  face  of  the  wheel,  should  be  such  that  the  angle  a 
(Fig.  33)  which  the  cutting  edges  make  with  the  axis,  and  the  angle 
of  clearance  c,  will  be  ground  as  nearly  correct  as  can  be  judge'd.  The 
angle  a  can  be  tested  by  using  a  protractor  as  indicated  at  C.  The 
length  of  each  edge  should  also  be  measured  with  a  scale  and  corrected 
by  grinding  if  unequal,  care  being  taken  not  to  change  the  angle  of 
the  cutting  edge,  if  this  is  found  correct.  It  should  be  mentioned  that 
there  Is  a  difference  of  opinion  as  to  the  best  angle  a  for  the  cutting 
edges.  As  this  ang!e  is  decreased,  the  pressure  required  for  feeding  a 
drill  downward  through  the  metal,  becomes  less,  but  the  length  of 
each  cutting  edge  is  increased,  with  the  result  that  more  power  is  re- 
quired to  turn  the  drill.  An  included  angle  of  118  degrees  (59  degrees 
between  the  cutting  edge  and  axis)  is  thought  by  some  to  equalize  the 
thrust  and  torsion  to  the  best  advantage,  while  others  advocate  much 
more  acute  angles. 

After  each  side  or  edge  has  been  ground,  the  end  of  the  drill  will 
appear  somewhat  as  shown  in  the  upper  view  at  B,  the  unshaded  por- 
tion  representing  the   ground    surface.     That   part   indicated   by   the 
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shaded  lines  should  then  be  ground  away  so  that  it  will  not  interfere 
with  the  downward  movement  of  the  cutting  edge  when  the  drill  is  in 
use.  When  grinding  this  part,  support  the  inner  end  of  the  drill  on 
the  tool-rest,  and  move  the  outer  end  so  as  to  produce  a  surface  which 
Is  approximately  conical  In  form.  The  grinding  should  be  continued 
until  the  conical  surface  is  blended  into  the  flat  (unshaded)  part, 
previously  ground. 

The  clearance  for  each  cutting  edge  may  be  tested  by  placing  the 
drill  point  against  a  flat  surface  and  then  slowly  revolving  It  close  to 
a  scale  held  In  the  position  shown  at  D.  If  the  clearances  are  not  alike, 
this  will  be  indicated  by  their   relative   positions   to   the  graduation 

marks  on  the  scale,  as  the  drill  is 
turned.  The  clearance  is  a  very 
important  feature  in  drill  grind- 
ing, and  the  splitting  of  drills 
through  the  web  is  usually  an  in- 
dication either  of  incorrect  clear- 
ance or  excessive  feed.  If  the  end 
of  a  drill  conforms  exactly  to  the 
conical  shape  of  the  bottom  of  a 
hole,  evidently  it  will  not  cut  be- 
Piff.  86.  The  Angles  of  the  Helical  Paths  cause  the  lack  of  Clearance  would 

described  by  Points  A  and  B  show  why  i         ,*     .  si_i        x  *    i       xi. 

Anirle  of  Clearance  should  Increase   to-    make     It     impOSSlDle     tO     Sink     the 

ward  Drm  Point.  .  cutting    cdges     iuto    the     metal; 

therefore,  when  there  is  insufficient  clearance  for  a  given  feed, 
the  drill  binds  back  of  the  cutting  edges,  and  is  subjected  to  an  ex- 
cessive twisting  strain.  Theoretically,  the  clearance  should  be  just 
enough  to  permit  the  drill  to  cut  freely,  because  excessive  clearance 
weakens  the  cutting  edges.  The  Cleveland  Twist  Drill  Co.  advocates  a 
clearance  angle  c  of  12  degrees  at  the  periphery  of  the  drill,  with  a 
gradual  increase  towards  the  center,  until  the  line  joining  the  two 
cutting  edges  makes  an  angle  x  somewhere  between  125  and  135  de- 
grees, as  shown  in  the  plan  view  at  B.  When  soft  metal  is  to  be  drilled 
and  heavier  feeds  are  possible  the  angle  of  clearance  may  be  Increased 
to  15  degrees,  whereas  for  hard  material  such  as  tool  steel,  for  example, 
the  amount  of  clearance  is  diminished,  as  a  fine  feed  must  necessarily 
be  used  and  a  strong  cutting  edge  is  required. 

As  previously  stated,  clearance  should  gradually  Increase  toward  the 
drill  point.  The  reason  for  this  will  be  apparent  by  considering  the 
movement  of  two  points  A  and  B  (Fig.  35)  on  the  cutting  edge,  as 
the  drill  is  fed  downward,  one  point  being  much  nearer  the  center  than 
the  other.  Assuming  that  the  feed  is  constant,  the  path  described  by 
each  of  these  points  will  correspond  to  that  indicated  by  the  helical 
lines  shown.  As  the  vertical  distance  x,  that  each  point  moves  per 
revolution  of  the  drill,  will  be  the  same,  the  angle  of  the  smaller  helix 
or  spiral  will  be  greater  than  that  of  the  larger  one.  The  angle  in 
each  case  indicates  the  minimum  clearance  necessary  at  that  particular 
point  for  a  feed  per  revolution  equivalent  to  the  distance  x.  The 
amount  of  feed  Indicated  has  been  greatly  exaggerated  in  order  to  make 
the  comparison  clear. 
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Worcester  Drill- grrindinsr  Machine 
A8  the  correct  grinding  of  drills  by  hand  requires  considerable  time, 
even  by  an  experienced  workman,  special  grinders  are  often  employed 
for  this  purpose.  A  type  which  has  been  used  extensively  is  illus- 
trated in  Fig.  36.  This  grinder  so  controls  the  movement  of  the  drill 
with  relation  to  the  grinding  wheel,  that  the  end  is  given  the  correct 
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form.  The  drill  to  be  ground  is  first  placed  between  the  caliper  jaws 
C  wtiich  are  adjusted  to  the  diameter  of  the  drill.  This  adjustment 
is  effected  by  loosening  lever  L  and  shifting  the  sliding  Jaw  the  re- 
quired amiount.  The  drill  is  then  placed  in  V-shaped  holders  H  and  it 
is  turned  to  bring  the  lower  lip  against  a  hardened  stop  at  the  grind- 
ing end.  In  this  way  the  drill  is  properly  centered  and  located  with 
reference  to  the  face  of  the  wlieel.  The  iwint  of  the  drill  should  pro- 
ject about  1/16  inch  beyond  the  lii)-rest,  and  the  shank  end  is  placed 
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against  an  adjustable  foot-stop  F.  The  entire  drill-halding  device 
Bhould  be  clampod  in  such  a  piosition  that  the  drill  will  nearly  touch 
the  grinding  wheel  when  the  holder  is  swung  at  right  angles  to  the 
wheel  face.  The  grinding  is  done  by  oscillaiting  the  driU4iolder  in 
bearing  B  which  is  inclined  to  the  face  of  the  grinding  wheel,  as 
shown.  After  one  lip  is  ground,  the  drill  is  turned  over  for  grinding 
the  opposite  side.  As  the  grinding  proceeds,  the  drill  is  gradually  fed 
against  the  wlieel  by  turning  micrometer  screw  M  which  pushes  the 
fofot«top  F  forward.  This  screw  should  be  turned  to  the  same  gradua- 
tion for  grinding  each  side  of  the  drill,  in  order  to  secure  cutting  edges 
of  equal  length.  When  reversing  or  removing  the  drill,  the  holder 
should  be  swung  to  the  extreme  left. 

The  adjustment  of  the  caliper  jaws  C,  previously  referred  to,  is  done 
to  give  drills  of  different  diameter  a  standard  clearance.  As  these 
jaws  are  opened  to  fit  a  drill  of  given  size,  the  lip  rest  and  end  of 
the  drill  is  advanced  with  relation  to  the  axis  of  bearing  B,  about 
which  the  holder  rotates.  If  the  opening  between  the  jaws  is  made 
greater  than  the  diameter  of  the  drill,  the  clearance  will  be  less  than 
the  standard,  and,  inversely,  a  smaller  opening  will  increase  the  clear- 
ance. The  proper  way,  however,  to  vary  the  angle  of  clearance,  is  by 
loosening  hand  wlheel  A  and  turning  an  eccentric  bushing  in  which 
the  holder  rotates,  thus  moving  the  axis  of  rotation  toward  or  away 
from  the  grinding  wheel.  This  adjustment  is  indicated  by  suitable 
graduations,  and  it  is  not  changed  unless  it  is  desired  to  viary  the 
standard  clearance.  The  entire  holder  can  be  adjusted  in  or  out  by 
loosening  clamping  lever  D,  in  case  this  is  necessary  to  compensate 
for  the  wear  of  the  wheel  face  or  to  set  the  holder  in  correct  relation 
to  a  new  wheel. 

When  a  drill  has  been  shorteneo  considerably  by  repeated  grind- 
ing, the  point  or  web  becomes  thicker  because  the  grooves  of  twist 
drills  gradually  decrease  in  depth  toward  the  shank.  (The  grooves 
are  milled  in  this  way  in  order  to  strengthen  the  drill).  As  the  width 
of  the  point  increases,  more  pressure  is  required  for  feeding  the 
drill,  and  to  overcome  this,  the  point  should  be  made  thinner  by 
grinding.  The  grinder  shown  in  Pig.  36  has  a  thin  elastic  emery 
wheel  on  the  left  end  of  the  spindle,  which  is  provided  for  tbe  thinning 
of  drill  points.  Care  should  be  taken  to  grind  away  an  equal  amount 
of  stock  on  each  side  of  the  point  in  order  to  keep  it  centraL 
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no.  60.  Constmcttou  and  Mannfactnre 
of  An  to  mobiles. 

Wo.  61.  Blacksmith  Shop  Practlce.^ — 
Modtjl  Blacksmith  Shop;  Welding;  Forg- 
inpr  of  Hooks  and  Chains:  Mlsc*  iUmeous 
Appliances   and    Methods. 

Wo.  62.  Bardness  and  Bnrahility  Test- 
lag'  of  Metals. 

Wo.  63.  Beat  Treatment  of  SteeL — 
Hardening,    Toniperlng,  Case-Hardening. 

Wo.  64.     Gage  Making'  and  rapping. 

Wo.  65.  Pormtilaa  and  Constants  for 
C^as  Bnglne  Design. 

Wo*  66.  Beating  and  Ventilation  of 
Shops  and  Oflioes. 


Wo.  67.  Boilers. 

Wo.  68.  Boiler  Furnaces  and  Chlm^ 
neys. 

Wo.  60,  Feed  Water  Appliances, 

Wo.  70.  Steam  Bnginee. 

Wo.  71  Steam  Tnrhlnes. 

Wo.  73  Pnmps,  Condensers,  Steam  and 
Water  Piping. 

Wo.  73.    Prlnclplee  and  Applications  of 

Blectricit7t  Piirt  I. — Static  p:iectrlcity ; 
Kl'Ttrlcul    MeaHureinents;    Batteries. 

Wo.  74.  Principles  and  Application s  of 
Electricity,  Fart  11  — Mugdeilstn;  Elec- 
t r r i  Magnetism;     El e^L'  t r o-Pla  1 1 n g* 

Wo.  75.  Principles  and  Applications  of 
Blectricity,  Fart  111. — Dynamos,  Motors; 
EI«ilrie    Hallways. 

Wo,  76.  Principles  asd  Appllcatlona  of 
Electricity,    Part    IV,— Ellectrlc    Lighting, 

Wo.  77.  FTinciplSB  and  Applications  of 
Electricity,  I'art  V. — Tniegraph  and  Tele- 
phone. 

Wo.  78.  Principles  and  Applications  of 
Electricity,  Part  VI.— Transmission  of 
iNrwer. 

Wo.  79.  locomotive  BnHdlng,  Part  I. — 
Main  and  Side  Rods. 

Wo.  BO.  I^ocomotlve  Btillding,  Part  IT. 
— Wheels;  Axles;   thriving   Boxes, 

Wo.  81.  Irooomotive  Bnildlng,  Pnrt  III. 
— ^ylindc:;^^4    and    Franit.^. 

Wo.  82.  XiOcomotiTe  Bnllding,  Part  IV. 
— Valve  Motion, 

Wo.  83.  IftOcomotlTe  Bnllding,  Part  V. 
— Boiler    Shop    Practice, 

Wo.  84.  ^ooomotlTe  Bnildlng,  Part  VI, 
— Erecting. 

Wo.  85.  Mechanical  Brawlnir,  Part  I, 
— Tn.slriimenls,  Mal*>riMts;  Gt  ometricnl 
Prriblems. 

Wo.  86.  Mechanical  Drawing,  Part  IL 
—Projection. 

Wo.  87.  Mechanical  Drawing,  Part  III, 
— Macliine    Details. 

Wo.  88,  Mechanical  Drawing,  Part  IV. 
—Mat  June    lu  tijl]><. 

Wo,  89.  The  Theory  of  Shrinkage  and 
Forced    Pits, 

Wo.  90.     Bail  way  Bepalr  Shop  Practice. 

Wo.  91.  Operation  of  Machine  Tools. — 
TIhj    Lathe,    Pwrt    I. 

Wo.  92.  Operation  of  Machine  Tools* — 
The    Lathe,   Part    If, 

Wo.  93.  Operation  of  Machine  Tooli. — 
Planer,   Shaper  and   Slultcr, 

Wo,  94.  Operation  of  Machine  Tools. — 
Drilling   Machine  «. 

Wo.  96.  Operation  of  Machine  Tools,— 
Vertical  and  flnrizntnttd   Burlng   Macliiiies. 


ADDITIONAL  TITLBB  WILI«  BH  ANNOtTtZOSD  IK  MAOHINERY   FROM  TIMB  TO  TlUE 


MACHINERY  S    DATA    SHEET    SERIES 

MACJiixEnY'B  Data  Shef-t  Books  include  the  well-known  series  of  Data  Sheets 
orlgiDated  by  M,\cinNEti\,  and  issued  monthly  as  supplements  to  the  publication; 
of  these  Data  Sheets  over  600  have  been  ptiblisht?d,  and  fi,hOi},(H>0  copies  sold.  Re- 
vised and  greatly  amplified,  they  are  now  presented  in  book  form,  kindred  sub- 
jects being  grouped  together.  The  purchaser  may  secure  either  the  books  on 
those  subjt^cts  In  wblch  he  is  specially  intereatned,  or,  if  he  pleases,  the  whole  set  at 
one  time.    The  price  is  25  cents  a  book.  Digitized  by  GoOqIc 

TITLBB  AND  CONTHNTB  ON  BACK  OOYSH  ^ 


CONTENTS  OF  DATA  BHBIBrr  BOOKS 


Vo.  1.  Bcrew  Tbreads, — Unitoil  autfs. 
Willi  worth.  Sharp  V  -  and  BrJtiHli  Astiocla- 
lion  ijtjijHlvird  Tlirt'iid.-i;  JirtffK«  Plpi? 
Thri^ml;  Oil  Well  UiiHing  Oiii;ti>;  Flro  Hose 

Tlirtiiils;  Mt'tiic  ThreodB:  Miichlnc.  WootL 
anil  I^ng  Srrew  Threads;  Ciirringo  Bull 
Threads,  etc. 

Xo,  3.  Bor«wa,  Bolts  and  Huti.— Fll- 
l)slc»r-hc'ad,  Hijmare-hr^id,  HeadlcHK,  Col- 
lar hoail  find  Ht>xjij7on-h*'ad  SiftWH;  Stand- 
nrd  and  Bpotdal  Nuta;  T-nuts,  Tliolts  and 
Wa^horw;  Thomli  Screws  and  Nuts;  A.  U, 
A,  M.  Standard  Screws  and  Nyts;  Much! no 
»cr*»w  HoadH;  Wriod  Scrc^ws;  Tap  Drills; 
Uttek  Nutft;,  Kyo-h*4t8.  etc. 

Vo.  3.  Taps  and  Dl»a.^ITand,  Machine, 
T'ipp<'r  and  Maiirin**  Serew  Taps;  Taper 
DIo  Taps;  Stdlt>r«  Hrd>rt;  St^n-w  Miichlno 
Taps:  Stra!f?ht  and  Taprr  Boiler  Tap»; 
Slay-halt.  Wnfth^^mt,  and  Ptitrh-hnlt  Tdpn; 
Plpf  Taps  atid  Huhs;  HnUil  S^inan-.  Hound 
Adjlintable  and  .Spring  Srrow  Throadtni? 
Dli's. 

Vo.  4.  meamers.  Sockets,  DrlUs  and 
HiUlBj  Cntteta. — Hand  R.-amevM:  SlioU 
R^amt-rs  and  ArlinrB;  Pipe  Rcamors;  Tnpi^r 
pins  and  Reamtrs;  I?rowii  &  Sharpo, 
Mor.Ho  and  Jnrno  Tapor  SorkotiB  and  Rt-um- 
ers;  Drills:  Wire*  Gapfs;  Milllnii?  CuLli^rs; 
Si-fHaK  AMK:les  for  Milhn*;  Tr-oth  In  Entl 
Ml  Mm  and   An^,ndur  CutUTH,  clr. 

If  Op  5,  Bpur  C^ellrillr-^I>l^n^^t^aI  and 
Clrealar  pitch;  IilmoiiHlMiiH  of  Sprir  Grars; 
Tahh^a  of  Pitch  Iiianif lor.**:  Odontoprnipli 
Tuhl^H;  RoMtnjr  MUl  Gf*arlnK^;  Str^^n^th  of 
g!l>ur  Givirs;  llorsppow^r  TranstnliUHl  by 
Cawt'lron  and  Rawhide  PinhMis;  DoKign  nf 
Spur  (Jfars;  Weight  i>f  Cast- Iron  tluars; 
Kfdiyrhc  Gfarlng. 

Ho.  6.  Bflvelt  Spiral  and  Worm  OeAP- 
fag-,— ^Roh'H  and  FYtrmulaR  lor  Bt'Vi'l 
QfarM;  Streng:lh  of  RrVfl  Gnars;  iJcMiun 
of  HrvGl  G*?ars:  KhIps  and  Furinulas  for 
Spfral  GonrfnK^;  Tubhs  FatMitatiaK  t'aU  n- 
latloaw;  Dla^rriim  for  CutttTM  for  Spiral 
Grars;  Raloa  and  FormnlaB  for  Worm 
Gcarlaff.  <  le. 

Wo.  7, 
Jlorwcpow" 

T;ibli*K  for  tho  Htri'UKth  of  Sliaftiiiisr; 
FoTclimi  iviiviii^'.  Shrinking  and  RitiininK 
Fits;  WiKHlruff  Kfy«;  l^nltt'tl  Statr-H  Nav^* 
jf^tandnrd  K*'ys;  Glh  Koys;  Mllllni?  Key- 
V%:iys;    iMiph'X    K'\vs. 

No.  8.  Bearlnrv,  GonpMng^a,  Clntclieat 
Crane  Chain  and  Hoolis. — Pillitw  Lilo^kK; 
Pabldth  d  llcarinfxs.  Pall  and  Roll^-r  INar- 
iutisi  iJlriinp  Oaiplin^s;  P|jito  t\nipllnKs: 
Flanm  CouplinKw;  Tooth  Chitchi'ffi:  Grab 
CouplinffR:  Conr-  Glutcbrs;  I'nlvfrHul 
Jolrit.H:  t*mni*  Gbain;  Chain  Friction; 
Criiaf  Ho<fks;   Drum  Sioren. 

iro.  9.  Spring's,  Slide  ■  and  MacMne 
Details. —  Form u In p  and  T.iV*b  ?^  for  Spritiu 
Calrulation?*;  Ma  chin*'  Slldi-s;  Maililnc! 
llandteB  arnl  l^cvrrs;  Gollar??;  Han*! 
Whools;  Phis  and  CottorJ^;  Turn-bnckles, 
ct.\ 

Ho.  10.  Motor  Drive,  Speeds  and  Feeds, 
Chang'e  Qearinff,  and  Boring  Bars.  l'o\v<  r 
rrqnirod  for  Machinr*  Toobs;  Cuttlngr 
fspi'i-ds  and  Feeds  for  Carbon  and  Hi*?}i- 
spncd  Htfol;  Srrow  Marhlno  Spcpflp  and 
Fc^'tls;     Hf-at    Treat  mont     of    illgh-Hp<'»'d 


Sliaf tins',  Bsys  and  Keyways. — 

Viv    tif    Sh;irtln^j;     IMaKr.ims    and 


Steffi  Tools;  Taper  Turning:  ChMl««  G«ar* 
hif?  for  the  I^tlhe;  Boring  Bars  and  Tools. 

Ctf, 

Vo.  11.     ■CUling'       ICaobla*       Znd^xlA^. 
Clamping    Dsvloss    and    Plr-*'-     J'-^r 
TablL^B     for     Milling     Ma. 
ChaiJKo  Goara  for  Milling 
for   fiottlng    ladoxlng   Head    \\  fn  ti     ' 
Ckitrhes;    Ji^    Clamping    Devices;    ► 
and  Chimps;   Planer  Jacks. 

Mo*  la.     Ftps   and  Pipe  rittings. 
Thri*ad8    and    Gages;    Cast  imn     l-'ji 
lirmisp      Flttin^tH;      Pipe     Fl.inct'^; 
Bends;  PIpp  Clamp«  and  llangerR;   ] 
8luns  of  1*1  pe  fur   VarloUH  Services, 

Vo.    13;     Boilers   and    Ohiiiuieys. 
Spaelng^  and  Rraclnff  for  Boilers;  Str.  i*.  i 
of  Boiler  Joints;  Riveting;  BoUer  BottUi:. 
Cblmney«* 

Vo,  14.  XtocomotiTe  and  Bailwaj  l>atA. 
— Ijoeomotlvt*  Rollers:  Bearing  lYcssur*  i* 
for  li*»eomotKe  Journals;  I^tjcon-  n,  - 
ClasHineationa;  Rail  Sections;  < 
Switches  and  Cro»s-over»;  Tires ;  Tr 
Furce:  Inertia  of  Trains;  Brake  L.^.v^n*^ 
Brake  Rods,  etc. 

Vo.  15.    Steam  and  Gas  Snglnaa. — ?*i\t^ 
uratfd    Steam;    Steam    Pipe   Sixes;    s- 
Enijine     Denli^n;     Volumo    of     Cyli 
Stuffllnif    Boxes;    Setting    Corliss     J 
Valvo    Gears;    Condenser    and    Air    i'jiup 
iJata;    Hiirsepower    of    Gajioline    KnRineai; 
Automobile    Knglne    Crankshafts,    etc. 

Bo.  16.     Mathematical  Tables. — SciiLar«a 
of    Mixed    NiiailK'rM;    Ftinetb>n!*    of    F^ra**- 
tlons;    Clrcumferineo    ar.d    Diameter.s     of 
Circles;    Tables    for    Spacing    oft    •' 
.Solution  of  Triangles;  Formulas  fo; 
Sngr   Ri'gular   Polygons;    Geometrical    .  . 
gresHlon,  etc. 

iro*  17.    Meolianlos  and  Strength  of  Ma^ 

terials. — W  r  i  r  k ;  Energy;  C  e  n  t  ri  f  ufcaJ 
Force;  i^^nter  of  Gravity;  Motion:  Fric- 
tlitn;  Pr^ndulum;  FaRJng  Bodies;  Strength 
of  MatfTials;  Strength  of  Flat  Plates ; 
Ratio  t*f  Outside  and  Inaldo  Radii  of 
Thick  Cylinder,^,  etc, 

Xo.  18.  Beam  Yormnlas  and  Stractural 
Design. — Ream  Formulas;  Seclionjal  Mo.!- 
nil  of  Structural  Shapes;  Beam  Chans; 
Net  Areas  of  Strnctural  Angles;  RiVft 
Spacing;  Splices  for  (Channels  and  1- 
boams;   Stresses   in   Roof  Trusses,   etc. 

HO.  19.  Belt,  B«p«  and  Cliain  Drlvaa. — 
rilmenjsions  of  I^uiloy.*;:  Weights  of  Pul- 
I<\vs;  Horsepower  of  ReltinK^;  Belt  v  .  i..-- 
ity;  Angular  Belt  Drives;  lUir*^ 
transmuted  by  Ropes;  Sheaves  fui 
Drive;  Ri-n^ing  Slresnew  In  Wire  R,.^,  , 
Sproeket.s  for  Rink  Chains;  Formulas  and 
Tables  for  Various  Classes  of  Driving 
Chain. 

Bo.  20.     Wiring  Diagrams,  Seating  anA 
YentilAtion,    and    MlsceUaneons    Tables .^ — 
Typical    M^4<ir   Wiring   Diagrams;    Res*f st- 
ance of  R^aind  Copper  Wire;  Rubber  C^J^v- 
ered    Caiilcs;    t_nrrcnt    Dcnaittcs   for   Vari- 
ous  Con  tarts   and    Materlal.'i;   Centj 
Fan    and    Bh»wcr    Capacities;    Hot 
Main     Capn  cities;     MisceflaneoiH     " 
Decimal    lOfiuivalents.    Metric    <  n 

Tables,    Weigh  la   ami    Specific  »f 

Melals.   Weights  of  Fillets,  Dr..  m 

Cijn  .'cnttr»ns,    etc. 


MArniXRitY.  the  montlily  mcrhanical  journal,  originator  of  the  Reference  arid 
Data  Sbf^et  Series,  is  publiahod  in  four  editions— the  i<hop  Edition,  %IM  a  year; 
th(?  Entfimrrinfi  Edit  ion.  $2.0(1  a  year;  tho  Fntilicaif  Edition,  %2M  a  year,  and  the 
FoTtif/n  Ediliofh  ^3.01)  a  year. 
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MACHINERY'S  REPERENOE  BOOKS 

This  treatlfle  is  one  unit  In  a  comprehensive  Series  of  Reference  books  originated 
by  Machinery,  and  Includiog  an  ludettnlte  number  of  compact  units,  «.»ach  covering 
one  subject  thorougbly.  The  whole  serlt^a  conjprisea  a  complete  working  library 
of  mechanical  literature  in  which  the  Mechanical  Engineer,  the  Master  Mechanic, 
the  Designer,  the  Machinist  and  Tool-nmker  will  find  the  special  information  he 
wishes  to  secure,  selected,  carefully  revised  and  condenged  for  him.  The  booka 
are  sold  singly  or  In  complete  seta,  as  may  be  desired*  The  price  of  each  iK)ok 
in  25  cents  (one  shilling)  delivered  anywhere  In  the  wt^rid. 

tlBT  OF  REFERENCE  BOOKS 


Ho*  1*  Worm  a^aiin^. — Cftlctilatlnir  Di- 
menslotis  for  Worm  Gearing;  Hub«  f«ir 
Worm  GcarB;  LiMTitV'ii  of  Pitoh  Circle; 
Self-1-^cklng  Worm   (Jt-urlngr.  etc. 

Wo,  2*     Prftftlng-Soom    Fractiee ^^ 

Drafling'-Ritufn  Syiitrni.  Tint  fnp:,  Ijt^Uer- 
iiig  and  Mounting;  Card  Index  SyaiemH. 

Vo.  3.  Drtll  Jijpi- — Elemeritary  Prin- 
ciples of  Drill  JIks;  Drilling  Ji:r  Plates: 
ExamploR  of  Drill  Jlp**;  Jlir  BusliltiRs; 
Using  Jigs  to  Best  AdvunUijfe. 

Ho.  4-  miHnff'  Fiztnrftt, — Elementary 
Principles  of  Milling:  Pixtrrrcs;  CoUrHtlnn 
of  ExampU'F*  of  Milllnij  Fixture  Desli^n, 
from  practice. 

Ho.  5.    Flrtt  PirlBoiplei   of   Theoretical 

Ho*  e.    Pnaoh   and   Ble  Work.— ^rlnc!- 

Jd€s  of  Punih  and  Die  Work;  Su^^^f^Ktiuna 
or  the  Making  aiitl  I'S*?  of  Dies;  Exanipli'is 
of  Die  and  Punch  Design. 

Wo*  7.  ^Atbe  and  Flati«r  Tool». — Cut- 
ting Tools  for  Planer  an*!  LaltH  ;  llortriff 
Tools:  SI  tape  Qf  Slandiird  Siiop  Tools; 
Fnrralng  Tuula, 

Ho.  8.  WorMng  Bra  wings  and  Draft- 
ing^&oom  XlnJCK* 

Ho.  9.  Sfi 81  gains'  and  Cnttiiur  Cams. — 
Drafting  of  I'.mis;  I'lini  Curves;  Cjun  I  le- 
Bljrn  ani!  Cam  Cuti ing;  Sugeeatlona  in 
Cam  Making:, 

Ho.  10*  Bxampldfl  of  lCa€liln«  eiiop 
PractlCfi. — Cultlnk*  Bv*v<?l  Goars  uitli  Rn- 
triry  Cutters:  Making  a  Worm-Ouar; 
Spindle  ConsiruLtiuii. 

Ho.  11*  Searing!.^ — Deftli^^n  of  B^ar- 
Jnifs:  r'ansrvH  (f  Hot  U' arlnR-f*;  Alh-ya 
for  Bonrhiti^:  FrkUon  and  Lubricalion . 
Krictjon  of   Roller  Bearings, 

Ho.  12.  Vathematlot  of  Itachine  Hi- 
■tffn. — ("ompHt-iJ  with  uperial  r'f'TiMice  to 
shafting  and  emcienty  of  hoi*itlng  ma- 
chinery. 

Ho.  13.  Blaaktnff  Dies. — M.iking  Blnnk- 
inK  Dies;  Blankirfi  and  Pi«  rrin^  1m*'h; 
Construction  of  Spilt  lii*'s;  NDVel  IdeatJ  in 
Die  Making. 

Ho.  14.  2>«taill  of  lCa0hin«  Tool  ]>». 
sign. — ron^  I*oneyw  ami  Delta;  Strr^ngth 
fvf  Couriterslwifts:  Tumbler  Gear  Denlg^n; 
Faults  of  Iron  Castin*fs. 

Ho.  15.  Spar  Oeartngr* — Dimensions; 
Dealj^'^n;    Strength;    Durability. 

Ho,  16.  Ilae1&ls«  Tool  Drl^os, — S ponds 
and  Feeds  of  Machine  Tools;  G^Mred  or 
Single  Piillny  Drives;  Drives  for  High 
Speed  Cutting  Tools. 

Ho.  17.     Btrenglli     of      CyUnd«irfl — For- 
fQulaa,  Chans,   and  Dlnfrmms. 
..Ho.   18.,. Shop   Antlun«tlo  for  tho   Ma- 
elllalat. — ^Tapere;    Change    Gears;    Cutting 


Speeds;  Feeds;  Indexing:  Gearings  for  Cut- 
ting  Spirals;    Angles. 
Ho.  19.     Vmo  of  Formtilai  in  Mochaalea* 

—With  numorouij  a[*i>iicat»onM. 

Ho.  20.  Spiral  Oearlng'. — Rules,  ForniU' 
las,  and  Dlaiy;rams.  etc. 

Ho.  21.     lf«a«nrinir  Tools.r^Ht.<^torr  and 

Development  of  Standard  Mean  a  re  men  is; 
Special  Calipera;  Comp«iS8es;  Micrometer 
Tools;  Protractors,  etc 

Wo,  32.  Calcnlation  of  Xltmonta  of 
MAcMne  Design. — Factor  of  Safety: 
Ftrength  of  i5««Tls;  Riveted  Joints;  Keys 
and  Key  ways;   Toggle-joints. 

Ho.  23.  Tlieorr  of  Crano  Doaiffn^^ — Jih 
Cranes;  Calculation  of  Bhaft,  Oeari*.  and 
^icariOKa;  Force  Required  to  Move  Crane 
Trolleys;  Pillar  Cranes, 

Ho.  94.  Bxamples  of  OalcnlatliLf^  ^#- 
slrnt. — Chart.s  in  DeslgninK;  launch  at^d 
Riveter  Frames;  Shear  Frames;  BlUet 
and  Bar  Passes;  etc. 

Ho.  25.  Seep  Hole  STllIlnir- — ^Methods 
of  DrilUng;  Construction  of  Drtlla. 

Ho*  26.  Modtm  Pnnch  and  iHa  Con- 
•tiucUon,^ — Ctmstruction  and  I'se  of  Sul>- 
pr.  ss  I'ies;  Modern  Blanking  Die  Cun* 
fetruction;  Drawing  and  Forming  Di©3L 

Ho.  27.  Ziocomotlv*  X^CBlgn,  Part  I. — 
Bailers^   CylinderH,   Pipes  and   Platons. 

Ho.  28.  Xrocomotivo  Seaifm,  Pari  TI. — 
Sttptif'n.snn  Valve  Motion:  Theory,  Calrti- 
la  1 1  on  and  Design  of  Vulve  Motion;  TUo 
Walschacrtfl  Valve  Motion, 

Wo.  29.  Zfooonsotlv*  Btii^n,  Part  m. 
^Smokrhox;  Ex  f  must  Pipe;  Frame^s; 
CrnwN-lif'nds;  Giirde  Bar»;  Connect  Ing- rods; 
Crank-pins;    Axles;    Dflving-wheels. 

Wo,  30.  Irfioomotivo  Dssifn,  Part  IV- — 
Spritigs,   Trucka,  Cab  and   Tender. 

Ho.  31.     Screw  Tliread  Tools  and  Oa^^a* 

Ho»  32.  Screw  Tliread  Cuttings. — Lathe 
Charif.;e  Gcarti;   Thread   Touhs;   Kiiiiis. 

Wo,  33.  Sy steam  and  Fractlea  of  tiM 
Drafting-Boom. 

Ho.  34.  Care  and  Hepair  of  DynaauM 
and  Motors. 

Ho.  35.  Tables  and  Formnlaa  for  Shop 
and  Drafting'Hoom. — Tiie  I  .se  c»f  Forma- 
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CHAPTER  I 


THE  VERTICAL  BORING  MILL 

An  the  different  types  of  turning  machines  now  in  use  originated 
from  the  lathe.  Many  of  these  tools,  however,  do  not  resemble  the  lathe 
because,  in  the  process  of  evolution,  there  have  been  many  changes  made 
in  order  to  develop  turning  machines  for  handling  certain  classes  of 
work  to  the  best  advantage.  The  machine  illustrated  in  Fig.  1  belongs 
to  the  lathe,  family  and  is  known  as  a  vertical  boring  and  turning  mill. 
This  type,  as  the  name  implies,  is  used  for  boring  and  turning  opera- 
tions, and  it  is  Very  efficient  for  work  within  its  range.  The  part  to  be 
machined  is  held  to  the  table  B  either  by  clamps  or  in  chuck  jaws  at- 
tached to  the  table.  When  the  machine  is  in  operation,  the  table  re- 
volves and  the  turning  or  boring  tools  (which  are  held  in  tool-blocks  T) 
remain  stationary,  except  for  the  feeding  movement.  Very  often  more 
than  one  tool  is  used  at  a  time,  as  will  be  shown  later  by  examples  of 
vertical  boring  mill  work.  The  tool-blocks  T  are  inserted  in  tool-bars  Ti 
carriedr  by  saddles  8  which  are  mounted  on  cross-rail  C.  Each  tool- 
head  (consisting  of  a  saddle  and  tool-bar)  can  be  moved  horizontally 
along  cross-rail  C,  and  the  tool-bars  T,  have  a  vertical  movement.  These 
movements  can  be  effected  either  by  hand  or  power. 

When  a  surface  is  being  turned  parallel  to  the  work  table,  the  entire 
tool-head  moves  horizontally  along  ^he  cross-rail,  but  when  a  cylindrical 
surface  Is  being  turned,  the  tool-bar  moves  vertically.  The  tool-heads 
are  moved  horizontally  by  the  screws  H  and  H^,  and  the  vertical  feed 
for  the  tool-bars  is  obtained  from  the  splined  shafts  V  and  Vi,  there 
being  a  separate  screw  and  shaft  for  each  head  so  that  the  feeding 
movements  are  independent.  These  feed  shafts  are  rotated  for  the  power 
feed  by  vertical  shafts  A  and  A,  on  each  side  of  the  machine.  These 
vertical  shafts  connect  with  the  feed  shafts  through  bevel  and  spur  gears 
located  at  the  ends  of  the  cross-rail.  On  most  boring  mills,  connection 
is  made  with  one  of  the  splined  shafts  V  or  screw  H.  by  a  removable 
gear,  which  is  placed  on  whichever  shaft  will  give  the  desired  direction 
of  feed.  The  particular  machine  illustrated  is  so  arranged  that  either 
the  right  or  left  screw  or  feed  shaft  can  be  engaged  by  simply  shifting 
levers  D^  or  D. 

The  amount  of  feed  per  revolution  of  the  table  is  varied  for  each  tool- 
head  by  feed-changing  mechanisms  located  at  F  on  each  side  of  the 
machine.  These  feed  boxes  contain  gears  of  different  sizes,  and  by  chang- 
ing the  combinations  of  these  gears,  the  amount  of  feed  is  varied.  Five 
feed  changes  are  obtained  on  this  machine  by  shifting  lever  E,  and  this 
number  is  doubled  by  shifting  lever  O.  By  having  two  feed  boxes,  the 
feeding  movement  of  each  head  can  be  varied  independently.  The  direc- 
tion of  either  the  horizontal  or  vertical  feed  can  be  reversed  by  lever 
R,  which  is  also  used  for  engaging  or  disengaging  the  feeds.  This 
machine  is  equipped  with  the  dials  I  and  /i  which  can  be  set  to  auto- 
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matically  disengage  the  feed  at  any  predetermined  point.  There  are 
also  micrometer  dials  graduated  to  thousandths  of  an  inch  and  used 
for  adjusting  the  tools  without  the  use  of  measuring  instruments. 

The  work  table  B  is  driven  indirectly  from  a  belt  pulley  at  the  rear, 
which  transmits  the  power  through  gearing.  The  speed  of  the  table 
can  be  varied  for  turning  large  or  small  parts,  by  levers  J  and  K,  and 
the  table  can  be  started,  stopped  or  rotated  part  of  a  revolution  by  lever 
L  which  connects  with  a  friction  clutch.    There  are  corresponding  feed 


Fiff.  1.    Glstaolt  Vertical  Boring  and  Tiimlnff  Mill 

and  speed  levers  on  the  opposite  side,  so  that  the  machine  can  be  con- 
trolled from  either  position. 

The  heads  can  be  adjusted  along  the  cross-rail  for  setting  the  tools  by 
hand-cranks  N,  and  the  tool  slides  can  be  moved  vertically  by  turning 
shafts  V  with  the  same  cranks.  With  this  machine,  however,  these  ad- 
justments do  not  have  to  be  made  by  hand,  ordinarily,  as  there  are  rapid 
power  movements  controlled  by  levers  M.  These  levers  automatically 
disengage  the  feeds  and  enable  the  tool-heads  to  be  rapidly  shifted  to 
the  required  position,  the  direction  of  the  movement  depending  upon  the 
position  of  the  feed  reverse  lever  R  and  lever  D.  This  rapid  traverse, 
which  is  a  feature  applied  to  modern  boring  mills  of  medium  and  laige 
size,  saves  time  and  the  labor  connected  with  hand  adjustments.     The 
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cross-rail  C  has  a  vertical  adjustment  on  the  faces  of  the  right  and  left 
housings  which  support  it,  in  order  to  locate  the  tool-heads  at  the  right 
height  for  the  worlc.  This  adjustment  is  effected  by  power  and  is  con- 
trolled by  levers  at  the  sides  of  the  housings.  Normally,  the  cross-rail  is 
bolted  to  the  housings,  and  these  bolts  must  be  loosened  before  making 

the  adjustment, 
and  must  always 
be  tightened  after- 
wards. 

The  function  of 
these  different  lev- 
ers has  been  ex- 
plained to  show,  in 
a  general  way,  how 
a  vertical  boring 
machine  is  oper- 
ated. It  should  be 
understood,  h  o  w  - 
ever,  that  the  ar- 
rangement differs 
considerably  on  ma- 
chines of  different 
makes.  The  con- 
struction  also 
varies  considerably 
on  machines  of  the 
same  make  but  of 
different  size.  All 
modern  vertical 
boring  mills  of 
medium  and  large 
sizes  are  equipped 
with  two  tool-heads, 
as  shown  in  Fig.  1, 
bo  cause  a  great 
deal  of  work  done 
on  a  machine  of 
this  type  can  have 
two  surfaces  ma- 
chined simultane- 
ously. On  the  other  hand,  small  mills  of  the  type  illustrated  in  Fig.  2 
have  a  single  head.  The  tool-slide,  Instead  of  having  a  single  tool-block, 
carries  a  five-sided  turret  T  in  which  different  tools  can  be  mounted. 
These  tools  are  shifted  to  the  working  position  as  they  are  needed,  by 
loosening  binder  lever  L  and  turning  or  "indexing"  the  turret.  The 
turret  is  located  and  locked  in  any  of  its  five  positions  by  lever  /,  which 
controls  a  plunger  that  engages  notches  at  the  rear.  Frequently,  all 
the  tools  for  machining  a  part  can  be  held  in  the  turret,  so  that  little 
time  is  required  for  clianging  from  one  tool  to  the  next.  Some  large 
machines  having  two  tool-heads  are  also  equipped  with  a  turret  on 
one  head. 


Fig.  2.     Small  Borins  and  TurDingr  Mill  with 
Slnirle  Turret-head 
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CHAPTER  II 

BORING  AND  TURNING  IN  A  VERTICAL 
BORING  MILL 

The  vertical  boring  mill  is,  in  many  respects,  like  a  lathe  placed  in  a 
vertical  position,  the  table  of  the  mill  corresponding  to  the  faceplate  or 
chuck  of  the  lathe  and  the  tool-head  to  the  lathe  carriage.  Much  of  the 
work  done  by  a  vertical  mill  could  also  be  machined  in  a  lathe,  but  the 
former  is  much  more  efficient  for  work  within  its  range.  To  begin  with, 
It  is  more  convenient  to  clamp  work  to  a  horizontal  table  than  to  the 
vertical  surface  of  a  lathe  faceplate,  or,  as  someone  has  aptly  said,  "It 
is  easier  to  lay  a  piece  down  than  to  hang  it  up."  This  is  especially  true 
of  the  heavy  parts  for  which  the  boring  mill  is  principally  used.  Very 
deep  roughing  cuts  can  also  be  taken  with  a  vertical  mill.  The  vertical 
mill  is  designed  for  turning  and  boring  work  which,  generally  speaking, 
is  quite  large  in  diameter  in  proportion  to  the  width  or  height.  The 
work  varies  greatly,  especially  in  regard  to  its  diameter,  so  that  boring 
mills  are  built  in  a  large  range  of  sizes.  The  small  and  medium  sizes 
will  swing  work  varying  from  about  30  inches  to  6  or  7  feet  in  diameter, 
whereas  large  machines,  such  as  are  used  for  turning  very  large  fly- 
wheels, sheaves,  etc.,  have  a  swing  of  16  or  20  feet  and  larger  sizes  are 
used  in  some  shops.  The  size  of  a  vertical  mill,  like  any  other  machine 
tool,  should  be  somewhat  in  proportion  to  the  size  of  the  work  for  which 
it  is  intended,  as  a  very  large  machine  is  unwieldy,  and,  therefore,  in- 
efficient for  machining  comparatively  small  parts. 

Chucking  and  Setting  Work  on  the  Boring  Mill  Table 

There  are  three  general  methods  of  holding  work  to  the  table  of  a 
boring  mill;  namely,  by  the  use  of  chucks,  by  ordinary  bolts  and  clamps, 
or  in  special  fixtures.  Chucks  which  are  built  into  the  table  (as  illus- 
trated in  Fig.  2)  and  have  either  universal  or  independent  adjustments 
for  the  jaws,  can  be  used  to  advantage  for  holding  castings  that  are 
either  round  or  irregular  in  shape.  The  universal  adjustment  is  used 
for  cylindrical  parts,  such  as  disks,  flywheels,  gear  blanks,  etc.,  and  the 
independent  adjustment,  for  castings  of  irregular  shape.  Chucks  which 
have  either  an  independent  or  universal  movement  for  the  jaws  are 
known  as  a  ''combination"  type  and  usually  have  three  jaws.  There 
is  also  a  four-jaw  type  which  has  the  independent  adjustment  only.  This 
style  is  preferable  for  work  that  is  not  cylindrical  and  which  must  be 
held  very  securely.  Chuck  jaws  that  do  not  form  a  part  of  the  machine 
table  but  are  bolted  to  it  in  the  required  position,  are  also  employed 
extensively,  especially  on  comparatively  large  machines.  Independent 
chuck  jaws  of  this  type  are  shown  in  FMg.  9. 

Most  of  the  work  done  in  a  vertical  mill  is  held  in  a  chuck.  Occa- 
sionally, however,  it  Is  preferable  to  clamp  a  part  directly  to  the  table. 
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This  may  be  desirable  because  of  the  shape  and  size  of  the  work,  or 
because  It  is  necessary  to  hold  a  previously  machined  surface  directly 
against  the  table  in  order  to  secure  greater  accuracy.  Sometimes  a  cast- 
ing is  held  in  the  chuck  for  turning  one  side,  and  then  the  finished  side 
is  clamped  against  the  table  for  turning  the  opposite  side.  Parts  which 
are  to  be  machined  in  large  quantities  are  often  held  in  q^ecial  fixtures. 
This  method  is  employed  when  it  enables  the  work  to  be  set  up  more 
Quickly  than  would  be  possible  if  regular  clamps  or  chuck  jaws  were 
used. 

Work  that  is  to  be  turned  or  bored  should  first  be  set  so  that  the  part 
to  be  machined  is  about  central  with  the  table.    For  example,  the  rim 

of  a  fiywheel 
should  be  set  to 
run  true  so  that  it 
can  be  finished  by 
removing  about  the 
same  amount  of 
metal  around  the 
entire  rim ;  in 
other  words,  the 
rim  should  be  set 
concentric  with  the 
table,  as  shown  in 
Fig.  3,  and  the 
sides  of  the  rim 
should  also  be 
par  all  el  to  the 
table.  A  simple 
tool  that  is  very 
useful  for  testing 
the  position  of  any 
cylindrical  casting 
inserted  a  piece  of  wire, 


Tig,  8.    Plan  View  sbowlnir  Flywheel  Oeetlnff 
Ohooked  for  Turning 


consists  of  a  wooden  shank  into  which  is 
having  one  end  bent.  This  tool  is  clamped  in  the  toolpost  and  as 
the  work  revolves,  the  wire  is  adjusted  close  to  the  cylinderical  sur- 
face being  tested.  The  movement  of  the  work  with  relation  to  the 
stationary  wire  point  will,  of  course,  show  .whether  or  not  the  part 
runs  true.  The  advantage  of  using  a  piece  of  wire  for  testing,  instead 
of  a  rigid  tool.  Is  that  the  wire,  owing  to  its  flexibility,  will  simply 
be  bent  backward  if  it  is  moved  too  close  to  a  surface  which  is 
considerably  out  of  true.  The  upper  surface  of  a  casting  can  be  tested 
for  parallelism  with  the  table  by  using  this  same  wire  gage,  or  by  com- 
paring it  with  a  tool  held  in  the  tool-post.  An  ordinary  surface  gage  is 
also  used  for  this  purpose.  The  proper  surface  to  set  true,  in  any  case, 
depends  upon  the  requirements.  A  plain  cylindrical  disk  would  be  set 
so  that  the  outside  ran  true  and  the  top  surface  was  parallel  with  the 
table.  When  setting  a  fiywheel,  if  the  inside  is  to  remain  rough,  the 
casting  should  be  set  by  this  surface  rather  than  by  the  outside,  so  that 
the  rim,  when  finished,  will  be  uniform  in  thickness. 
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As  far  as  possible,  chucks  should  be  used  for  holding  cylindrical  parts, 
owing  to  their  convenience.  The  jaws  should  be  set  against  an  interior 
cylindrical  surface  whenever  this  is  feasible.  To  illustrate,  the  flywheel 
in  Fig.  3  is  gripped  by  the  inside  of  the  rim  which  permits  the  outside 
to  be  turned  at  this  setting  of  the  work.  The  flywheel  casting  should 
also  be  set  in  the  chuck  so  that  a  spoke  rests  against  one  of  the  jaws  as 
at  d.  This  jaw  will  then  act  as  a  driver  and  prevent  the  casting  from 
slipping  or  turning  In  the  chuck  jaws,  owing  to  the  tangential  pressure 
of  the  turning  tool.  When  a  cut  is  being  taken,  the  table  and  work 
rotates  as  shown  by  arrow  a,  and  the  thrust  of  the  cut  (taken  by  tool  t) 
tends  to  move  the  wheel  backward  against  the  direction  of  rotation  as 
shown  by  arrow  &.  If  one  of  the  chuck  jaws  bears  against  one  of  the 
spokes,  this  movement  is  prevented.    It  is  not  always  feasible  to  use  a 


Fiff.  4.    (A)  Turning  a  Flat  Surface.    (B)  Turninff  a  Cylindrioal  Surface 

chuck  jaw  as  a  driver  and  then  a  special  driver  having  the  form  of  a 
small  angle-plate,  is  sometimes  bolted  directly  to  the  table.  Another 
method  of  driving  is  to  set  a  brace  between  a  spoke  or  projection  on 
the  work  and  a  chuck  jaw  or  strip  attached  to  the  table.  Drivers  are 
not  only  used  for  flywheels,  but  in  connection  with  any  large  easting, 
especially  when  heavy  cuts  have  to  be  taken.  Of  course,  some  castings 
are  so  shaped  that  drivers  cannot  be  employed. 

Turning  in  a  Boring  Mill 

The  vertical  type  of  boring  mill  is  used  more  for  turning  cylindrical 
surfaces  than  for  actual  boring,  although  a  large  part  of  the  work  re- 
quires both  turning  and  boring.  We  shall  first  consider,  in  a  general 
way,  how  surfaces  are  turned  and  then  refer  to  some  boring  operations. 
The  diagram  A,  Fig.  4,.  illustrates  how  a  horizontal  surface  would  be 
turned.  The  tool  t  is  clamped  in  tool-block  f„  in  a  vertical  position,  and 
it  is  fed  horizontally  as  the  table  and  work  rotates.  The  tool  is  first 
adjusted  by  hand  for  the  proper  depth  of  cut  and  the  automatic  horizon- 
tal feed  is  then  engaged.  When  a  cylindrical  surface  is  td  be  turned, 
the  tool  (provided  a  straight  tool  is  used)  is  clamped  in  a  horizontal 
position  and  is  fed  downward  as  indicated  at  B.    The  amount  that  the 
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tool  should  feed  per  revolution  of  the  work  depends  upon  the  kind  of 
material  being  turned,  the  diameter  of  the  turned  part  and  the  depth 
of  the  cut 

Most  of  the  work  machined  in  a  vertical  boring  mill  is  made  of  cast 
iron  and,  ordinarily,  at  least  one  roughing  apd  one  finishing  cut  is 
taken.    The  number  of  roughing  cuts  required  in  any  case  depends,  of 


Fl0.  6.    MethodB  of  Boring-  and  Reamlnir  Holea 

course,  upon  the  amount  of  metal  to  be  removed.  An  ordinary  roughing 
cut  in  soft  cast  iron  might  vary  in  depth  from  1/8  to  3/8  inch  and  the 
tool  would  probably  have  a  feed  per  revolution  of  from  1/16  to  1/8  inch, 
although  deeper  cuts  and  coarser  feeds  are  sometimes  taken.  These 
figures  are  merely  given  to  show,  in  a  general  way,  what  cuts  and  feeds 
are  practicable.  The  tool  used  for  roughing  usually  has  a  rounded  end 
which  leaves  a  ridged  or  rough  surface.     To  obtain  a  smooth  finish, 


Piff.  6.    Borinir  with  Basrolar  Tvurnlnir  Tools 

broad  flat  tools  are  used.  The  flat  cutting  edge  is  set  parallel  to  the 
tool's  travel  and  a  coarse  feed  is  used  in  order  to  reduce  the  time  re- 
quired for  taking  the  cut.  The  finishing  feeds  for  cast  iron  vary  from 
1/4  to  3/4  inch  on  ordinary  work.  The  different  tools  used  on  the  ver- 
tical mill  will  be  referred  to  more  in  detail  later. 

All  medium  and  large  sized  vertical  boring  mills  are  equipped  with 
two  tool-heads  and  two  tools  are  frequently  used  at  the  same  time,  espe- 
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cially  on  large  work.  Fig.  9  illustrates  the  use  of  two  tools  simultane- 
ously. The  casting  shown  is  a  flywheel,  and  the  tool  on  the  right  side 
turns  the  upper  side  of  the  rim,  while  the  tool  on  the  left  side  turns  the 
outside  or  periphery.  As  a  boring  mill  table  rotates  in  a  counter-clock- 
wise direction,  the  left-hand  tool  is  reversed  to  bring  the  cutting  edge 
at  the  rear.  By  turning  two  surfaces  at  once,  the  total  time  for  ma- 
chining the  casting  is,  of  course,  greatly  reduced.    The  turning  of  fly- 
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wheels  is  a  very  common  vertical  boring  mill  operation,  and  this  work 
will  be  referred  to  in  detail  later  on. 

Boring  Operations 

There  are  several  methods  of  machining  holes  in  the  vertical  boring 
mill.  Ordinarily,  small  holes  are  cored  in  castings  and  it  is  simply 
necessary  to  finish  the  rough  surface  to  the  required  diameter.  Some 
of  the  tools  used  for  boring  and  finishing  holes  are  shown  in  Fig.  5. 
Sketch  A  shows  a  boring  tool  consisting  of  a  cutter  c  inserted  in  a 
shank,  which,  in  turn,  is  held  in  the  tool  slide,  or  in  a  turret  attached 
to  the  tool  slide.  With  a  tool  of  this  type,  a  hole  is  bored  by  taking 
one  or  more  cuts  down  through  it.  The  tool  shown  at  B  is  a  four-lipped 
drill  which  is  used  for  drilling  cored  holes  preparatory  to  finishing  by 
a  cutter  or  reamer.  This  drill  would  probably  finish  a  hole  to  within 
about  1/32  inch  of  the  finish  diameter,  thus  leaving  a  small  amount  of 
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metal  for  the  reamer  to  remove.  The  tool  illustrated  at  C  has  a  double- 
ended  flat  cutter  c,  which  cuts  on  both  sides.  These  cutters  are  often 
made  in  sets  for  boring  duplicate  parts.  Ordinarily,  there  are  two  cut- 
ters in  a  set,  one  being  used  for  roughing  and  the  other  for  finishing. 
The  cutter  passes  through  a  rectangular  slot  in  the  bar  and  this  particu- 
lar style  is  centrally  located  by  shoulders  s,  and  is  held  by  a  taper  pin 
p.  Some  cutter  bars  have  an  extension  end  which  passes  through  a 
close-fitting  bushing  in  the  tahle  to  steady  the  bar.  Sketch  D  shows  a 
finishing  reamer.  This  tool  takes  a  very  light. cut  and  is  intended  to 
finish  holes  that  have  been  previously  bored  close  to  the  required  size. 


Flff.  8.    lAm/gnmm  muatraiinff  Ua«  of  Different  Forms  of  Tools 

Sometimes  a  flat  cutter  C  is  used  for  roughing  and  a  reamer  for  finish- 
ing. The  reamer  is  especially  desirable  for  interchangeable  work,  when 
all  holes  must  have  a  smooth  finish  and  be  of  the  same  size.  When  a 
reamer  is  held  rigidly  to  a  turret  or  tool-slide,  it  is  liable  to  produce  a 
hole  that  is  either  tapering  or  larger  than  the  reamer  diameter.  To 
prevent  this,  the  reamer  should  be  held  in  a  ''floating"  holder  which, 
by  means  of  a  slight  adjustment,  allows  the  reamer  to  align  itself  with 
the  hole.  There  are  several  methods  of  securing  this  "floating"  move- 
ment. 

Large  holes  or  interior  cylindrical  surfaces  are  bored  by  tools  held 
in  the  regular  tool-head.  The  tool  is  sometimes  clamped  in  a  horizontal 
position  as  shown  at  A,  Fig.  6,  or  a  bent  type  is  used  as  at  B.  Cast  iron 
is  usually  finished  by  a  broad  flat  tool  as  at  C,  the  same  as  when  turning 
exterior  surfaces.  Obviously  a  hole  that  is  bored  in  this  way  must  be 
large  enough  to  admit  the  tool-block. 
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ToTBinc  Tools  Ibr  tbe  Vertical  Boartnc  Mill 
A  9M  of  tomiiu:  tooU  for  tbe  Ttenicml  borias  n&ill  is  ihown  in  Fig.  7. 
Theoe  tools  can  be  used  for  a  wide  TaiieiT  of  ordiaarr  turning  operations. 
Wliea  a  great  many  duplicate  parts  arv  to  be  machined,  special  tool 
«^ul;^ment  can  often  be  vtssNi  to  advaniagip.  tut  as  the  form  of  this  equip- 
ment depends  upon  the  character  o!  the  work,  oci^y  siandard  tools  have 
Nee4i  illustrated  henewiih.  The  tvxnl  shorn n  at  ^  is  a  right-hand,  "hog- 
nosae"  roughing  tcv*.  and  a  left-hand  icv>'.  of  the  saiDe  tjpe  is  shown  at  B. 
T.xM  r  is  an  oA^et  or  t!«^z;t,  )e!t-haad  round  none  for  ronghing.  and  Z>  is  a 
rlghi-hand  ot&saet  tool  A  straigh:  round  none  is  shown  at  E.  Tool  F  has 
a  fiat.  Vroad  c:::;iug  ei^  and  is  oseC  i.t  finishing.    Left-  and  right-hand 


'  ~  : i,z  t  '  K"*  '  c  "."»    >  i.">   ^^.^T   -     .    L   z,   ♦     i.^  L  T.»:.  r    :»  a  rr-rn:  fre- 

;    i:srrL  -^  i  -!*--'  t~-   .:?*-».   i.:  ;:  ,-r---js:»  -      T.i  -.i-.lf  j.->t  x.^^rfct^d  ^y  the 

«:  .n-t    ~-'-~-r  *t    .'-     t  ">    .:    -    .i    ;•:    *!   5*?    .    ..s*-;."  ;t.>.      Tiif    ri^cbi-  iud 

-  r  1.L1  1  T.  ..a:   :.^  ">  .  :5  -*.  i.:  r   5  jl->    ->  «...   s,  ,^   jii*-.i.:«-T*i:  :.*-  Ti.i;:^i,c  aer;* 
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-.-  -z^-'  i>  i."  /  .  :.«:,-.'  ,  ^j-  ?v.  .  -,  >  :  -J  ,'..!':  :.•'•!::  ic  feed  in 
-   -      :     ^    -   L  ~-         :.    :^  i     -.      '^r ;      >  •   >.*    '  r  f    ..      .^  c  i.i^:  bf  iiged 
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tools  C  and  D  are  for  turning  exterior  or  interior  cylinder  surfaces.  As 
this  form  of  tool  extends  below  the  tool-block,  it  can  be  fed  down  close 
to  a  shoulder.  The  straight  type  shown  at  E  is  adapted  for  steel  or  iron, 
and  when  the  point  is  drawn  out  narrower,  it  is  also  used  for  brass, 
although  the  front  is  then  ground  without  slope.  Tool  F  is  for  light  fin- 
ishing cuts  and  broad  feeds.  The  amount  of  feed  per  revolution  of  the 
w^ork  should  always  be  less  than  the  width  of  the  cutting  edge.  The 
offset  tools  G  and  H  are  for  finishing  exterior  and  interior  cylindrical 
surfaces.  These  tools  also  have  horizontal  cutting  edges  and  are  some- 
times used  for  first  finishing  a  cylindrical  and  then  a  horizontal  surface, 
or  vice  versa.  Tool  /  is  adapted  to  such  work  as  cutting  packing-ring 
grooves  in  engine  pistons,  forming  square  or  rectangular  grooves,  and 


J-  *     » 
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FUr.  lO.    Tool  B  set  tor  Borinir  the  Hub 

similar  work.  The  parting  tools  J  and  K  can  also  be  used  for  forming 
narrow  grooves  or  for  cutting  off  rings,  etc.  The  sketch  K  (Fig.  8)  indi- 
cates how  the  left-hand  tool  might  be  used  for  squaring  a  corner  under  • 
a  shoulder.  Tool  L  is  frequently  used  on  boring  mills  for  rounding  the 
corners  of  flywheel  rims,  in  order  to  give  them  a  more  finished  appear- 
ance.   It  has  two  cutting  edges  so  that  either  side  can  be  used. 

The  turning  tools  of  a  vertical  boring  mill  are  similar,  in  many  re- 
spects, to  those  used  on  a  lathe,  although  the  shanks  of  the  former  are 
shorter  and  more  stocky  than  those  of  lathe  tools.  The  cutting  edges  of 
some  of  the  tools  also  differ  somewhat,  but  the  principles  which  govern 
the  grinding  of  lathe  and  boring  mill  tools  are  identical,  and  those  who 
are  not  familiar  with  tool  grinding  are  referred  to  Machj.neby's  Refer- 
ence Book  No.  92  on  lathe  .work,  in  which  this  subject  is  treated. 

Turning  a  Fly-wheel  on  a  Vertical  Mill 
The  turning  of  a  flywheel  is  a  goocl  example  of  the  kind  of  work  for 
which  a  vertical  boring  mill  is  adapted.    A  flywheel  should  preferably 
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be  machined  on  a  double-head  mill  so  that  one  side  and  the  periphery  of 
the  rim  can  be  turned  at  the  same  time.  A  common  method  of  holding 
a  flywheel  is  shown  in  Fig.  9.  The  rim  is  gripped  by  four  chuck  jaws  D 
which,  if  practicable,  should  be  on  the  inside  where  they  will  not  inter* 
fere  with  the  movement  of  the  tool.  Two  of  the  jaws,  in  this  case,  are 
set  against  the  spokes  on  opposite  sides  of  the  wheel,  to  act  as  drivers 
and  prevent  any  backward  shifting  of  work  when  a  heavy  cut  is  being 
taken.  The  illustration  shows  the  tool  to  the  right  rough  turning  the 
side  of  the  rim,  while  the  left-hand  tool  turns  the  periphery.  Finishing 
cuts  are  also  taken  over  the  rim,  at  this  setting,  and  the  hub  is  turned 
on  the  outside,  faced  on  top,  and  the  hole  bored.    The  three  tools  A.  B 


Fiir.  12.    GHsholt  Mill  equipped  with  Convex  Tuminir  AttAOhzne&t 

and  C,  for  finishing  the  hole,  are  mounted  in  the  turret.  Bar  A,  which 
carries  a  cutter  at  its  end,  first  rough  bores  the  hole.  The  sizing  cutter  B 
is  then  used  to  straighten  it  before  inserting  the  finishing  reamer  C. 
Fig.  10  shows  the  turret  moved  over  to  a  central  position  and  the  sizing 
cutter  B  set  for  boring.  The  head  is  centrally  located  (on  this  particu- 
lar mafchine)  by  a  positive  center-stop.  The  turret  is  Indexed  for  bring- 
ing the  different  tools  into  the  working  position,  by  loosening  the  clamp- 
ing lever  L  and  pulling  down  lever  /  which  disengages  the  turret  lock- 
pin.  When  all  the  flywheels  In  a  lot  have  been  machined  as  described, 
the  opposite  side  is  finished. 

In  order  to  show  more  clearly  the  method  of  handling  work  of  this 
class,  the  machining  of  a  fiywheel  will  be  explained  more  In  detail  in 
connection  with  Fig.  11,  which  illustrates  practically  the  same  equip, 
raent  as  Is  shown  In  Figs.-  9  and  10.  The  successive  order  In  which  tho 
various  operations  are  performed  is  as  follows:     Tool  a  (see  sketch  A) 
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rough  turns  the  side  of  the  rim,  while  tool  b,  which  is  set  with  its  cut- 
ting edge  toward  the  rear,  rough  turns  the  outside.  The  direction  in 
which  each  tool  moves  is  indicated  by  the  arrows.  When  tool  a  has 
crossed  the  rim,  it  is  moved  over  for  facing  the  hub,  as  shown  by  the 
dotted  lines.  The  side  and  periphery  of  the  rim  is  nexTt  finished  by  the 
broad-nose  finishing  tools  c  and  d  (see  sketch  B).  The  feed  should  be 
increased  for  finishing,  so  that  each  tool  will  have  a  movement  of  say 
1/4  or  3/8  inch  per  revolution  of  the  work,  and  the  cuts  should  be  deep 
enough  to  remove  the  marks  made  by  the  roughing  tools.  Tool  c  is  also 
used  for  finishing  the  hub  as  indicated  by  the  dotted  lines.  After  these 
cuts  are  taken,  the  outside  of  the  hub  and  inner  surface  of  rim  are 


Flir*  18.    Taminff  a  Taper  or  Conical  Surface 


usually  turned  down  as  far  as  the  spokes,  by  using  offset  tools  similar 
to  the  ones  shown  at  C  and  D  in  Fig.  7.  The  corners  of  the  rim  and 
hub  are  also  rounded  to  give  the  work  a  more  finished  appearance,  by 
using  a  tool  L. 

The  next  operation  is  that  of  finishing  the  hole  through  the  hub.  The 
hard  scale  is  first  removed  by  a  roughing  cutter  r  (sketch  C),  which  is 
followed  by  a  "sizing"  cutter  «.  The  hole  is  then  finished  smooth  and 
to  the  right  diameter  by  reamer  /.  The  bars  carrying  cutters  r  and  s 
have  extensions  or  "pilots"  which  enter  a  close-fitting  bushing  in  the 
table,  in  order  to  steady  the  bar  and  hold  it  in  alignment. 

When  the  hole  is  finished,  the  wheel  is  turned  over,  so  that  the  lower 
side  of  the  rim  and  hub  can  be  faced.  The  method  of  holding  the  work 
for  the  final  operation  is  shown  at  D.  The  chuck  jaws  are  removed,  and 
the  finished  side  of  the  rim  is  clamped  against  parallels  p  resting  on  the 
table.  The  wheel  is  centrally  located  for  turning  this  side  by  a  plug  c 
which  is  inserted  in  a  hole  in  the  table  and  fits  the  bore  of  the  hub. 
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The  work  is  held  by  clamps  which  bear  against  the  spokes.  Roughing 
and  finishing  cuts  are  next  taken  over  the  rim  and  hub  and  the  corners 
are  rounded,  which  completes  the  machining  operations.  If  the  rim 
needs  to  be  a  certain  width,  about  the  same  amount  of  metal  should  be 
removed  from  each  side,  unless  sandy  spots  or  "blow-holes"  in  the  cast- 
ing make  it  necessary  to  take  more  from  one  side  than  the  other.  That 
side  of  the  rim  which  was  up  when  the  casting  was  made,  should  be 
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Flff.  14.    Tumlntf'  a  Ctonloal  Surfaoe  by  tislnff  the  Oombined  VertioeJ 
and  Horizontal  Feeds 

turned  first,  because  the  porous,  spongy  spots  usually  form  on  the  "cope" 
or  top  side  of  a  casting. 

-  Convex  Taming  Atta>chnient  for  Boring  Mills 
Fig.  12  shows  a  vertical  boring  mill  arranged  for  turning  pulleys  hav- 
ing convex  rims;  that  is,  the  rim,  instead  of  being  cylindrical,  is  rounded 
somewhat  so  that  it  slopes  from  the  center  to'ward  either  side.  The 
reason  for  turning  a  pulley  rim  convex  is  to  prevent  the  belt  from  run- 
ning off  at  one  side,  as  it  sometimes  tends  to  do  when  a  cylindrical 
pulley  is  used.  The  convex  surface  ip  produced  by  a  special  attachment 
which  causes  the  turning  tool  to  gradually  move  outward  as  it  feeda 
down,  until  the  center  of  the  rim  is  reached,  after  which  the  movement 
is  inward. 

This  attachment  consists  of  a  special  box-shaped  tool-head  F  contain- 
ing a  sliding  holder  G,  in  which  the  tool  is  clamped  by  set-screws  pass- 
ing through  elongated  slots  in  the  front  of  the  tool-head.  In  addition, 
there  is  a  radius  link  L  which  swivels  on  a  stud  at  the  rear  of  the  tool- 
head  and  is  attached  to  vertical  link  H.    Link  L  is  so  connected  to  the 
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sliding  tool-block  that  any  downward  movement  of  the  tool-bar  I  causes 
the  tool  to  move  outward  until  the  link  is  in  a  horizontal  position,  after 
which  the  movement  is  reversed.  When  the  attachment  is  first  set  up, 
the  turning  tool  is  placed  at  the  center  of  the  rim  and  then  link  L  is 
clamped  to  the  vertical  link  while  In  a  horizontal  position.  The  cut  is 
started  at  the  top  edge  of  the  rim,  and  the  tool  is  fed  downward  by 
power,  the  same  as  when  turning  a  cylindrical  surface.  The  amount  of 
curvature  or  convexity  of  a  rim  can  be  varied  by  inserting  the  clamp 
bolt  J  in  different  holes  in  link  L. 

The  tools  for  machining  the  hub  and  sides  of  the  rim  are  held  in  a 
turret  mounted  on  the  left-hand  head,  as  shown.  The  special  tool-holder 
A  contains  two  bent  tools  for  turning  the  upper  and  lower  edges  of  the 
pulley  rim  at  the  same.  time.    Roughing  and  finishing  tools  B  are  for 
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Fi7.  10.    DiAffrazn  showinff  Method  of  Obtaining  AiuruUur  PoBltlon  of  Too1-1imm1  \irli«n 
Tumlxiff  Oonioal  Surfacos  by  uainff  Vertical  and  Iloriaontal  Feedinir  Movements 

facinc  the  hub,  and  the  tools  C,  D,  and  E  rough  bore  and  finish  the  hole 
for  the  shaft. 

Tuminy  Taper  or  Conical  Surfaces 

Conical  or  taper  surfaces  are  turned  in  a  vertical  boring  mill  by 
swiveling  the  tool-bar  to  the  proper  angle,  as  shown  in  Fig.  13.  When 
the  taper  is  given  in  degrees,  the  tool-bar  can  be  set  by  graduations  on 
the  edge  of  the  circular  base  L,  which  show  the  angle  a  to  which  the  bar 
is  swiveled  from  a  vertical  position.  The  base  turns  on  a  central  stud 
and  is  secured  to  the  saddle  ;^  by  the  bolts  shown,  which  should  be 
tightened  after  the  tool-bar  is  set.  The  vertical  power  feed  can  be  used 
for  taper  turning  the  same  as  for  cylindrical  work. 

Occasionally  it  is  necessary  to  machine  a  conical  surface  which  has 
such  a  large  included  angle  that  the  tool-bar  cannot  be  swiveled  far 
enough  around  to  permit  turning  by  the  method  illustrated  in  Fig.  13. 
Another  method,  which  is  sometimes  resorted  to  for  work  of  this  class, 
is  to  use  the  combined  vertical  and  horizontal  feeds.    Suppose  we  want 
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to  turn  the  conical  casting  W  (Fig.  14),  to  an  angle  of  30  degrees,  as 
shown,  and  that  the  tool-head  of  the  boring  mill  moves  horizontally  1/4 
inch  per  turn  of  the  screw  and  has  a  vertical  movement  of  3/16  inch  per 
turn  of  the  upper  feed-shaft.  If  the  two  feeds  are  used  simultaneously, 
the  tool  will  move  a  distance  h  of  say  8  inches,  while  it  moves  down- 
ward a  distance  t;  of  6  inches,  thus  turning  the  surface  to  an  angle  y. 
This  angle  is  greater  (as  measured  from  a  horizontal  plane)  than  the 
angle  required,  but,  if  the  tool-bar  is  swiveled  to  an  angle  x,  the  tool, 
as  it  moves  downward,  will  also  be  advanced  horizontally,  in  addition  to 
the  regular  horizontal  movement.  The  result  is  that  angle  y  is  dimin- 
ished, and  ff  the  tool-bar  is  set  over  the  right  amount,  the  conical  sur- 
face can  be  turned  to  an  angle  a  of  30  degrees.  The  problem,  then,  is 
to  determine  what  the  angle  x  should  be  for  turning  to  a  given  angle  a. 
The  way  angle  x  is  calculated  will  be  explained  in  connection  with  the 
enlarged  diagram,  Fig.  15,  which  shows  one-half  of  the  casting. 

The  sine  of  the  known  angle  a  is  first  found  in  a  table  of  natural 
sines.     Then  the  sine  of  angle  h  is  determined  as  follows:   sin  &== 
Bin  axh 
,  in  which  h  represents  the  rate  of  horizontal  feed  and  v  the 

V 

rate  of  vertical  feed.  The  angle  corresponding  to  sine  b  is  next  found 
in  the  table  of  sines.  We  now  have  angles  &  and  a,  and  by  subtracting 
these  angles  from  90  degrees,  the  desired  angle  x  is  obtained.  To  illus- 
trate : 

0.5  X  1/4 

The  sine  of  30  degrees  is  0.5 ;  then  sin  h  = =  0.6666 ;  hence 

3/16 
angle  5  =  41  degrees  49  minutes,  and  ar  =  90"  —  (30**  -f  41°  49')  =18  de- 
grees 11  minutes. 

If  angle  a  were  greater  than  angle  y  obtained  from  the  combined  feeds 
with  the  tool-bar  in  a  vertical  position,  it  would  then  be  necessary  to 
swing  the  lower  end  of  the  bar  to  the  left  rather  than  to  the  right  of  a 
vertical  plane. 
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TURRBT-LATHB  TYPE  OP  VBRTIOAIj 
BORING  MILL 

The  machine  illustrated  in  Fig.  16  was  designed  to  combine  the  ad- 
vantages of  the  horizontal  turret  lathe  and  the  vertical  boring  mill.  It 
is  known  as  a  "vertical  turret  lathe/'  but  resembles,  in  many  respects, 
a  vertical  boring  mill.  This  machine  has  a  turret  on  the  cross-rail  the 
same  as  the  vertical  boring  mill,  and,  in  addition,  a  side-head  8.  The 
side-head  has  a  vertical  feeding  movement,  and  the  tool-bar  T  can  be  fed 
horizontally.  The  tool-bar  is  also  equipped  with  a  four-sided  turret  for 
holding  turning  tools.  This  arrangement  of  the  tool-heads  makes  it 
possible  to  use  two  tools  simultaneously  upon  comparatively  small  work. 
When  both  heads  are  mounted  on  the  cross  rail,  as  with  a  double-head 
boring  mill,  it  is  often  impossible  to  machine  certain  parts  to  advantage, 
because  one  head  interferes  with  the  other. 

The  drive  to  the  table  is  from  a  belt  pulley  at  the  rear,  and  fifteen 
speed  changes  are  available.  Five  changes  are  obtained  by  turning  the 
pilot-wheel  A  and  this  series  of  five  speeds  is  compounded  three  times  by 
turning  lever  B.  Each  spoke  of  pilot-wheel  A  indicates  a  speed  which 
is  engaged  only  when  the  spoke  is  in  a  vertical  position,  and  the  three 
positions  for  B  are  indicated  by  slots  in  the  disk  shown.  The  number 
of  table  revolutions  per  minute  for  different  positions  of  pilot-wheel  A 
and  lever  B,  are  shown  by  figures  seen  through  whichever  slot  is  at  C. 
There  are  five  rows  of  figures  corresponding  to  the  five  spokes  of  the 
pilot-wheel  and  three  figures  In  a  row,  and  the  speed  Is  shown  by  ar- 
rows on  the  sides  of  the  slots.  The  segment  disk  containing  these  fig- 
ures also  serves  as  an  interlocking  device  which  prevents  moving  more 
than  one  speed  controlling  lever  at  a  time,  in  order  to  avoid  damaging 
the  driving  mechanism. 

The  feeding  movement  for  each  head  Is  independent.  Lever  D  controls 
the  engagement  or  disengagement  of  the  vertical  or  cross  feeds  for  the 
head  on  the  cross-rail.  The  feed  for  the  side-head  Is  controlled  by  lever 
E.  When  this  lever  is  pushed  inward,  the  entire  head  feeds  vertically, 
but  when  it  is  pulled  out,  the  tool-bar  feeds  horizontally.  These  two 
feeds  can  be  disengaged  by  placing  the  lever  in  a  neutral  position.  The 
direction  of  the  feeding  movement  for  either  head  can  be  reversed  by 
lever  R,  The  amount  of  feed  is  varied  by  feed-wheel  F  and  clutch-rod  O. 
When  lever  E  is  in  the  neutral  position,  the  side-head  or  tool-bar  can  be 
adjusted  by  the  hand-cranks  H  and  7,  respectively.  The  cross-rail  head 
and  its  turret  slide  have  rapid  power  traverse  movements  for  making 
quick  adjustments.  This  rapid  traverse  is  controlled  by  the  key-handles 
J.  The  feed  screws  for  the  vertical  head  have  micrometer  dials  K  for 
making  accurate  adjustments.  There  are  also  large  dials  at  L  which 
indicate  vertical  movements  of  the  side  head  and  horizontal  movements 
of  the  tool  slide.    All  of  these  dials  have  small  adjustable  clips  c  which 
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are  numbered  to  correspond  to  numbers  on  the  faces  of  the  respective 
turrets.  These  clips  or  "observation  stops"  are  used  in  the  production 
of  duplicate  parts.  For  example:  suppose  a  tool  In  face  No.  1  for  the 
main  turret  is  set  for  a  given  diameter  and  height  of  shoulder  on  a  part 
which  is  to  be  duplicated.  To  obtain  the  same  setting  of  the  tools  for 
the  next  piece,  clips  No.  1,  on  both  the  vertical  feed  rod  and  screw  dials. 


Fl», 


BuUard  Vertical  Turret  Lathe 


are  placed  opposite  the  graduations  which  are  Intersected  by  stationary 
pointers  secured  to  the  cross-rail.  The  clips  are  set  in  this  way  after 
the  first  part  has  been  machined  to  the  required  size  and  before  dis- 
turbing the  final  position  of  the  tools.  For  turning  a  duplicate  part,  the 
tools  are  simply  brought  to  the  same  position  by  turning  the  feed  screws 
until  the  clips  and  stationary  pointers  again  coincide.  For  setting  tools 
on  other  faces  of  either  turret,  this  operation  is  repeated,  except  that 
clips  are  used  bearing  numbers  corresponding  to  the  turret  face  in  use. 
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The  main  turret  of  thi3  machine  has  five  holes  in  which  are  inserted 
the  necessary  boring  and  turning  tools,  drills  or  reamers,  as  may  be 
required.  By  having  all  the  tools  mounted  in  the  turret,  they  can  be 
quickly  and  accurately  moved  into  working  position.  When  the  turret 
is  indexed  from  one  face  to  the  next,  binder  lever  N  is  first  loosened. 
The  turret  then  moves  forward  away  from  Its  seat,  thus  disengaging 
the  indexing  and  registering  pins  which  accurately  locate  it  in  any  one 
of  the  five  positions.  The  turret  is  revolved  by  turning  crank  if,  one 
turn  of  this  handle  moving  the  turret  1/5  revolution  or  from  one  hole 
to  the  next.  The  side-head  turret  is  turned  by  loosening  lever  0.  The 
turret  slide  can  be  locked  rigidly  in  any  position  by  lever  P  and  its  sad- 


Flff.  17.    Turning  a  Qe&r  Blank  on  a  Vertical  Turret  Lalhe 

die  is  clamped  to  the  cross-rail  by  lever  Q.  The  binder  levers  for  the 
saddle  and  tool-slide  of  the  side-head  are  located  at  V  and  V  respectively. 
A  slide  that  does  not  require  feeding  movements  is  locked  in  order  to 
obtain  greater  rigidity. 

The  vertical  slide  can  be  set  at  an  angle  for  taper  turning,  and  the 
turret  Is  accurately  located  over  the  center  of  the  table  for  boring  or 
reaming,  by  a  positive  center  stop.  The  machine  is  provided  with  a 
brake  for  stopping  the  work  table  quickly,  which  is  operated  by  lifting 
the  shaft  of  pilot-wheel  A.  The  side-  and  cross-rails  are  a  unit  and  are 
adjusted  together  to  accommodate  work  of  different  heights.  This  ad- 
justment is  effected  by  power  on  the  particular  machine  illustrated, 
and  it  is  controlled  by  a  lever  near  the  left  end  of  the  cross-rail.  Before 
making  this  adjustment,  all  binder  bolts  which  normally  hold  the  rails 
rigidly  to  the  machine  column,  must  be  released,  and  care  should  be 
taken  to  tighten  them  after  the  adjustment  is  made. 
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Examples  of  Vertical  Turret  Lathe  Work 
In  order  to  illustrate  how  a  vertical  turret  lathe  is  used,  one  or  two 
examples  of  work  will  be.  referred  to.  in  detaiK  These  examples  also 
indicate,  in  a  general  way,  the  class  of  work  for  which  this  type  of 
machine  is  adapted.  Fig.  17  shows  how  a  cast-iron  gear  blank  is  ma- 
chined. The  work  is  gripped  on  the  inside  of  the  rim  by  three  chuck 
Jaws,  and  all  of  the  tools  required  for  the  various  operations  are  mounted 
in  the  main  and  side  turrets.  The  illustration  shows  the  first  operation 
which  is  that  of  rough  turning  the  hub,  the  side  of  the  blank  and  its 


Fiff.  18.    Tumlnir  GhASoline  Bnirine  Fljrwheel  on  Vertlc«Ul 
Turret  Lathe— First  Poaitlon 

periphery.  The  tools  A  for  the  hub  and  side  are  both  held  in  one  tool- 
block  on  the  main  turret,  and  tool  A^  for  roughing  the  periphery  is  in 
the  side  turret.  With  this  arrangement,  the  three  surfaces  can  be  turned 
simultaneously.  The  main  turret  is  next  indexed  one-sixth  of  a  revolu- 
tion which  brings  the  broad  finishing  tools  B  into  position,  and  the  side 
turret  is  also  turned  to  locate  finishing  tool  B^  at  the  front.  (The  in- 
dexing of  .the  main  turret  on  this  particular  machine  is  effected  by  loos- 
ening binder  lever  n  and  raising  the  turret  lock-pin  by  means  of  lever  p. ) 
The  bub,  side,  and  periphery  of  the  blank  are  then  finished.  When  tools 
B  are  clamped  in  the  tool-blocks,  they  are,  of  course,  set  for  turning  the 
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hub  to  the  required  height.  The  third  operation  Is  performed  by  the 
tools  at  C,  one  of  which  "breaks"  or  chamfers  the  corner  of  the  cored 
hole  to  provide  a  starting  surface  for  drill  D,  and  the  other  turns  the 
outside  of  the  hub,  after  the  chamfer  tool  is  removed.  The  four-lipped 
shell-drill  D  is  next  used  to  drill  the  cored  hole  and  then  this  hole  is 
bored  close  to  the  finished  size  and  concentric  with  the  circumference  of 
the  blank  by  boring  tool  E,  which  is  followed  by  the  finishing  reamer  F. 
When  the  drill,  boring  tool  and  reamer  are  being  used,  the  turret  is  se^ 


Fiff.  19.    TurnlQfir  Qaaoline  Bng-ine  Flywheel— Beoond  Position 

over  the  center  or  axis  of  the  table  by  means  of  a  positive  center  stop 
on  the  left-side  of  the  turret  saddle.  If  it  is  necessary  to  move  the 
turret  beyond  the  central  position,  this  stop  can  be  swung  out  of  the 
way. 

Figs.  18  and  19  illustrate  the  machining  of  an  automobile  flywheel, 
which  is  another  typical  example  of  work  for  a  machine  of  this  type. 
The  flywheel  is  finished  in  two  settings.  Its  position  for  the  first  series 
of  operations  is  shown  in  Fig.  18,  and  the  successive  order  of  the  four 
operations  for  the  first  setting  is  shown  by  the  diagrams,  Fig.  20.  The 
first  operation  requires  four  tools  which  act  simultaneously.  The  three 
held  in  tool-block  A  of  the  turret,  face  the  hub,  the  web  and  the  rim  of 
the  flywheel,  while  tool  a  in  the  side-head  rough  turns  the  outside  diam- 
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eter.  The  outside  diameter  is  also  finished  by  broad-nosed  tool  b  which 
is  given  a  coarse  feed.  In  the  second  operation,  the  under  face  of  the 
rim  is  finished  by  tool  c,  the  outer  corners  are  rounded  by  tool  d  and 
the  inner  surface  of  the  rim  is  rough  turned  by  a  bent  tool  B,  which  is 
moved  into  position  by  Indexing  the  main  turret.  In  the  third  opera- 
tion, the  side-head  is  moved  out  of  the  way  and  the  Inside  of  the  rim 
is  finished  by  another  bent  tool  B,.  The  final  operation  at  this  setting 
is  the  boring  of  the  central  hole,  which  is  done  with  a  bar  C  having  in- 


Flff.  ao.    Diaffrains  ■howinff  How  Suocesslve  Operations  are  Performed 
by  Different  Toole  in  the  Turret 

terchangeable  cutters  which  make  it  possible  to  finish  the  hole  at  one 
setting  of  the  turret. 

The  remaining  operations  are  performed  on  the  opposite  side  of  the 
work  which  is  held  in  "soft"  jaws  J  accurately  bored  to  fit  the  finished 
outside  diameter  as  indicated  in  Fig.  19.  The  tool  in  the  main  turret 
turns  the  inside  of  the  rim  and  the  side-head  is  equipped  with  two  tools 
for  facing  the  web  and  hub  simultaneously.  As  the  tool  in  the  main 
turret  operates  on  the  left  side  of  the  rim,  it  is  set  with  the  cutting 
edge  toward  the  rear.  In  order  to  move  the  turret  to  this  position, 
which  is  beyond  the  center  of  the  table,  the  center  stop  previously 
referred  to  is  swung  out  of  the  way.  Digitized  by  GoOglc 
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HORIZONTAL  BORING,  DRILLING  AND 
MILLING  MAOHINB 

A  boring  machine  of  the  horizontal  type  is  shown  in  Fig.  21.  The 
construction  and  operation  of  this  machine  is  very  different  from  that 
of  a  vertical  boring  mill  and  it  is  also  used  for  a  different  class  of  work. 
The  horizontal  machine  is  employed  principally  for  boring,  drilling  or 
milling,  whereas  the  vertical  design  is  especially  adapted  to  turning  and 
boring.  The  horizontal  type  Is  also  used  for  turning  or  facing  flanges 
or  similar  surfaces  when  such  an  operation  can  be  performed  to  ad- 
vantage in  connection  with  other  machine  work  on  the  same  part. 

The  type  of  machine  illustrated  in  Fig.  21  has  a  heavy  base  or  bed  to 
which  is  bolted  the  column  C  having  vertical  ways  on  which  the  spindle- 
head  H  is  mounted.  This  head  contains  a  sleeve  or  quill  in  which  the 
spindle  8  slides  longitudinally.  The  spindle  carries  cutters  for  boring, 
whereas  milling  cutters  or  the  auxiliary  facing  arm,  are  bolted  to  the 
end  A  of  the  spindle  sleeve.  The  work  Itself  is  attached  either  directly 
or  indirectly  to  platen  P.  When  the  machine  is  in  operation,  the  cutter 
or  tool  revolves  with  the  spindle  sleeve  or  spindle  and  either  the  cutter 
or  the  part  being  machined  is  given  a  feeding  movement,  depending  on 
the  character  of  the  work.  The  spindle  can  be  moved  in  or  out  by  hand 
for  adjustment,  or  by  power  for  feeding  the  cutter  as  when  boring  or 
drilling.  The  entire  spindle-head  H  can  also  be  moved  vertically  on  the 
face  of  the  column  C,  by  hand,  for  setting  the  spindle  to  the  proper 
height,  or  by  power  for  feeding  a  milling  cutter  in  a  vertical  "direction. 
When  the  vertical  position  of  the  splndle-head  is  changed,  the  back-rest 
block  B  also  moves  up  or  down  a  corresponding  amount,  the  two  parts 
being  connected  by  shafts  and  gearing.  Block  B  steadies  the  outer  end 
of  the  boring-bar  and  the  back-rest  in  which  this  block  is  mounted,  can 
be  shifted  along  the  bed  to  suit  the  length  of  the  work,  by  turning  the 
squared  end  ol  shaft  D  with  a  crank.  The  platen  P  has  a  cross-feed,  and 
the  saddle  E  on  which  it  is  mounted  can  be  traversed  lengthwise  on 
the  bed ;  both  of  thecTe  movements  can  also  be  effected  by  hand  or  power. 
There  is  a  series  of  power  feeding  movements  for  the  cutters  and.  In 
addition,  rapid  power  movements  in  a  reverse  direction  from  the  feed 
for  returning  a  cutter  quickly  to  Its  starting  position,  when  this  is 
desirable. 

This  machine  is  driven  by  a  belt  connecting  pulley  G  with  an  over- 
head shaft.  When  the  machine  is  in  operation,  this  pulley  is  engaged 
with  the  main  driving  shaft  by  a  friction  clutch  F  controlled  by  lever  L. 
This  main  shaft  drives  through  gearing  a  vertical  shaft  7,  which  by 
means  of  other  gears  in  the  spindle  head  Imparts  a  rotary  movement  to 
the  spindle.  As  a  machine  of  this  type  Is  used  for  boring  holes  of 
various  diameters  and  for  a  variety  of  other  work,  it  is  necessary  to 
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have  a  number  of  speed  changes  for  the  spindle.  Nine  speeds  are  ob- 
tained by  changing  the  position  of  the  sliding  gears  controlled  by  levers 
R  and  this  number  is  doubled  by  back-gears  in  the  spindle-head  and  con- 
trolled by  lever  J, 

The  amount  of  feed  for  the  spindle,  spindle-head,  platen  or  saddle  is 
varied  by  two  levers  K  and  K^  which  control  the  position  of  sliding 
gears  through  which  the  feeding  movements  are  transmitted.  The  direc- 
tion of  the  feed  can  be  reversed  by  shifting  lever  0.  With  this  particu- 
lar machine,  nine  feed  changes  are  available  for  each  position  of  the 
spindle  back-gears,  making  a  total  of  eighteen  changes  which  range  from 
0.004  to  0.006  inch  per  revolution  of  the  spindle.  The  feeding  movement 
is  transmitted  to  the  spindle-head,  spindle,  platen  or  saddle,  as  required, 
by  the  three  distributing  levers  T,  U  and  y,  which  control  clutches  con- 
necting with  the  transmission  shafts  or  feed  screws.  When  lever  T  is 
turned  to  the  left,  the  longitudinal  power  feed  for  the  spindle  is  engaged, 
whereas  turning  it  to  the  right  throws  in  the  vertical  feed  for  the 
spindle-head.  Lever  U  engages  the  cross-feed  for  platen  P  and  lever  V, 
the  longitudinal  feed  for  saddle  E.  These  levers  have  a  simple  but 
ingenious  interlocking  device  which  makes  it  impossible  to  engage  more 
than  one  feed  at  a  time.  For  example,  if  lever  T  is  set  for  feeding  the 
spindle,  levers  U  and  V  are  locked  against  movement. 

The  feeds  are  started  and  stopped  by  lever  M  which  also  engages  the 
rapid  power  traverse  when  thrown  in  the  opposite  direction.  This  rapid 
traverse  operates  for  whatever  feed  is  engaged  by  the  distributing  levers 
and,  as  before  stated,  in  a  reverse  direction.  For  example,  if  the  reverse 
lever  0  is  set  for  feeding  the  spindle  to  the  right,  the  rapid  traverse 
would  be  to  the  left,  and  vice  versa.  The  cross-feed  for  the  platen  can 
be  automatically  tripped  at  any  point  by  setting  an  adjustable  stop  in 
the  proper  position  and  the  feed  can  also  be  tripped  by  a  hand  lever  at 
the  side  of  the  platen. 

All  the  different  feeding  movements  can  be  effected  by  hand  as  well 
as  by  power.  By  means  ^f  liandwheel  A",  the  spindle  can  be  moved  in  or 
out  slowly,  for  feeding  a  cutter  by  hand.  When  the  friction  clamp  Q  Is 
loosened,  the  turnstile  W  can  be  used  for  traversing  the  spindle,  in  case 
a  hand  adjustment  is  desirable.  The  spindle-head  can  be  adjusted  ver- 
tically by  turning  squared  shaft  X  with  a  crank,  and  the  saddle  can  be 
shifted  along  the  bed  by  turning  shaft  T.  The  hand  adjustment  of  the 
platen  is  effected  by  shaft  Z.  The  spindle-head,  platen  and  saddle  can 
also  be  adjusted  from  the  end  of  the  machine,  when  this  is  more  con- 
venient. Shafts  X,  r  and  Z  are  equipped  with  micrometer  dials  which 
are  graduated  to  show  movements  of  one-thousandth  inch.  These  dials 
are  used  for  accurately  adjusting  the  spindle  or  work  and  for  boring 
holes  or  milling  surfaces  that  must  be  an  exact  distance  apart. 

Horizontal  Boring*  Machine  with  Vertical  Table  Adjustment 

Another  design  of  horizontal  boring  machine  is  illustrated  in  Fig.  22. 
This  machine  is  of  the  same  type  as  that  shown  in  Fig.  21,  but  its  con- 
struction is  quite  different,  as  will  be  seen.  The  spindle  cannot  be 
adjusted  vertically  as  with  the  first  design  described,  but  it  Is  mounted 
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meshing  with  rack  R  which  traverses  the  spindle.  The  large  hand  wheel 
H  and  a  corresponding  wheel  on  the  opposite  side  are  used  for  adjusting 
the  spindle  rapidly  by  hand.  The  nest  of  gears  at  G  gives  the  required 
feed  changes  by  engaging  different  combinations.  The  yoke  or  outboard 
bearing  B  for  the  boring-bars  can  be  clamped  in  any  position  along  the 
bed  for  supporting  the  bar  as  close  to  the  work  as  possible. 

Horizontal  boring  machines  are  built  in  many  other  designs,  but  they 
all  have  the  same  general  arrangement  as  the  machines  illustrated  and 
operate  on  the  same  principle,  with  the  exception  of  special  types  in- 
tended for  handling  certain  classes  of  work  exclusively.  In  the  next 
chapter  some  examples  of  work  done  on  these  machines  will  be  illus- 
trated and  described. 


CHAPTER  V 

TOOLS  FOR  BORING- EXAMPLES  OF  HORIZONTAL 
BORINQ  MACHINE  WORK 

The  horizontal  boring,  drilling  and  milling  machine  is  very  efficient 
for  certain  classes  of  work  because  it  enables  all  the  machining  opera- 
tions on  some  parts  to  be  completed  at  one  setting.  To  illustrate,  a 
casting  which  requires  drilling,  boring  and  milling  at  different  places, 
can  often  be  finished  without  disturbing  its  position  on  the  platen  after 
it  is  clamped  in  palace.  Frequently  a  comparatively  small  surface  needs 
to  be  milled  after  a  part  has  been  bored.  If  this  milling  operation  can 
be  performed  while  the  work  is  set  up  for  boring,  accurate  results  will 
be  obtained  (provided  the  machine  is  in  good  condition)  and  the  time 
saved  that  w^ouid  otherwise  be  required  for  re-setting  the  part  on 
another  machine.  Some  examples  of  work  on  which  different  operations 
are  performed  at  the  same  setting  will  be  referred  to  later.  The  hori- 
zontal boring  machine  also  makes  it  possible  to  machine  duplicate  parts 
without  the  use  of  jigs,  which  is  important,  especially  on  large  work, 
owing  to  the  cost  of  Jigs. 

Drillingr  and  Boring*— Cutters  Used  for  Boring 
Holes  are  drilled  in  a  horizontal  machine  by  simply  inserting  a  drill 
of  required  size  either  directly  in  the  spindle  (S,  Fig.  21,  and  D,  Fig.  22) 
or  in  a  reducing  socket,  and  then  feeding  the  spindle  outward  either  by 
hand  or  power.  When  a  hole  is  to  be  bored,  a  boring-bar  Bi  (Fig.  21) 
is  inserted  in  the  spindle  and  the  cutter  is  attached  to  this  bar.  The 
latter  is  then  fed  through  the  hole  as  the  cutter  revolves.  The  distinc- 
tion made  by  machinists  between  drilling  and  boring  is  as  follows:  A 
hole  is  said  to  be  drilled  when  It  is  formed  by  sinking  a  drill  into  solid 
metal,  whereas  boring  means  the  enlargement  of  a  drilled  or  cored  hole. 
There  are  various  methods  of  attaching  cutters  to  boring-bars  and  the 
cutters  used  vary  for  different  classes  of  work.    A  simple  style  of  cutter 
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which  is  used  widely  for  boring  small  holes  is  shown  at  A  in  Fig.  23. 
The  cutter  c  is  made  from  flat  stock  and  the  cutting  is  done  by  the  front 
edges  e  and  e„  which  are  beveled  in  opposite  directions.  The  cutter  is 
held  in  the  bar  by  a  taper  wedge  w  and  it  is  centered  by  shoulders  at  «. 
The  outer  corners  at  the  front  should  be  slightly  rounded,  as  a  sharp 
corner  would  be  dulled  quickly.  These  cutters  are  made  in  different 
sizes  and  also  in  sets  for  roughing  and  finishing.  The  roughing  cutter 
bores  holes  to  within  about  1/32  inch  of  the  finish  size  and  it  is  then 
replaced  by  the  finishing  cutter.     A  cutter  having  rounded  ends  as 


^^zniiy^ 
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Flff.  23.    Borixiff-outters  of  Different  Types 

shown  by  the  detail  sketch  a,  is  sometimes  used  for  light  finishing  cuts. 
These  rounded  ends  form  the  cutting  edges  and  give  a  smooth  finish. 
Another  method  of  holding  a  fiat  cutter  is  shown  at  B.  The  conical  end 
of  a  screw  bears  against  a  conical  seat  in  the  cutter,  thus  binding  the 
latter  in  its  slot.  The  conical  seat  also  centers  the  cutter.  A  very  simple 
and  inexpensive  form  of  cutter  is  shown  at  C.  This  is  made  from  a 
piece  of  round  steel,  and  it  is  held  in  the  bar  by  a  taper  pin  which  bears 
against  a  circular  recess  in  the  side  of  the  cutter.  This  form  has  the 
advantage  of  only  requiring  a  hole  through  the  boring-bar,  wh^eas  it  is 
necessary  to  cut  a  rectangular  slot  for  the  fiat  cutter. 

Fig.  24  illustrates  how  a  hole  is  bored  by  cutters  of  the  type  referred 
to.  The  bar  rotates  as  Indicated  by  the  arrow  a  and  at  the  same  time 
feeds  longitudinally  as  shown  by  arrow  h.    The  speed  of  rotation  depends 
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upon  the  diameter  of  the  hole  and  the  kind  of  material  being  bored,  and 
the  feed  per  revolution  must  also  be  varied  to  suit  conditions.  No  defi- 
nite rule  can  be  given  for  speed  or  feed.  On -some  classes  of  work  a 
long  boring-bar  is  used,  which  passes  through  the  hole  to  be  bored  and 
is  steadied  at  its  outer  end  by  the  back-rest  B,  Figs.  21  and  22.    On 


Flff.  24.    Borinff  with  a  Flat  Double-ended  Cutter 

other  work,  a  short  bar  is  inserted  in  the  spindle  and  the  cutter  is 
attached  at  the  outer  end.  An  inexpensive  method  of  holding  a  cutter 
at  the  end  of  a  bar  is  shown  at  D,  Fig.  23.  The  cutter  passes  through  a 
slot  and  is  clamped  by  a  bolt  as  shown.  When  it  is  necessary  to  bore 
holes  that  are  "blind"  or  closed  at  the  bottom,  a  long  boring-bar  which 
passes  through  the  work  cannot,  of  course,  be  used.     Sometimes  it  is 


A  '^d^*jy^  t^^^,^ 
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FittT.  26.    Cutter-heada  for  Borincr  Larare  Holes 

necessary  to  have  a  cutter  mounted  at  the  extreme  end  of  a  bar  in  order 
to  bore  clpse  to  a  shoulder  or  the  bottom  of  a  hole.  One  method  of  hold- 
ing a  cutter  so  that  it  projects  beyond  the  end  of  a  bar  is  indicated  at  E, 
A  screw  similar  to  the  one  shown  at  B  is  used,  and  the  conical  end  bears 
in  a  conical  hole  in  the  cutter.  This  hole  should  be  slightly  ofbet  so 
that  the  cutter  will  be  forced  back  against  its  seat.  The  tool  shown  at 
F  has  adjustable  cutters.    The  inner  end  of  each  cutter  is  tapering  and 
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bears  against  a  conical-headed  screw  &  which  giyes  the  required  outward 
adjustment.  The  cutters  are  held  against  the  central  bolt  by  fllister-head 
screws  /  and  they  are  clamped  by  the  screws  c.  Boring  tools  are  made 
in  many  different  designs  and  the  number  and  form  of  the  cutters  is 
varied  somewhat  for  different  kinds  of  work. 

Cutter-heads  for  Boring*  Large  Holes 
When  large  holes  are  to  be  bored,  the  cutters  are  usually  held  in  a 
cast-iron  head  which  is  mounted  on  the  boring-bar.  One  type  of  cutter- 
head  is  shown  in  Fig.  25.  This  particular  head  is  double-ended  and 
carries  two  cutters  c.  The  cutter-head  is  bored  to  fit  the  bar  closely 
and  it  is  prevented  from  turning  by  a  key  against  which  a  setscrew  is 
tightened.    By  referring  to  the  end  view,  it  will  be  seen  that  each  cutter 


FlflT.  so.    Outter-bead  witb  Four  Borlnff  Toola 

is  offset  with  relation  to  the  center  of  the  bar,  in  order  to  locate  the 
front  of  the  tool  on  a  radial  line.  The  number  of  cutters  used  in  a  cut- 
ter-head varies.  There  should  be  at  least  two,  and  three  or  four  are 
often  used.  By  having  several  cutters,  the  work  of  removing  a  given 
amount  of  metal  in  boring  is  distributed,  and  holes  can  be  bored  more 
quickly  with  a  multiple  cutter-head,  although  more  power  is  required  to 
drive  the  boring-bar.  The  boring-bar  is  also  steadied  by  a  multiple 
cutter-head,  because  the  tendency  of  any  one  cutter  to  deflect  the  bar 
is  counteracted  by  the  cutters  on  the  opposite  side. 

A  disk-shaped  head  having  four  cutters  is  illustrated  in  Pig.  26.  The 
cutters  are  inserted  in  slots  or  grooves  in  the  face  of  the  disk  and  they 
are  held  by  slotted  clamping  posts.  The  shape  of  these  posts  is  shown 
by  the  sectional  view.  The  tool  passes  through  an  elongated  slot  and 
it  is  tightly  clamped  against  the  disk  by  tightening  nut  n.  This  head 
is  also  driven  by  a  key  which  engages  a  keyway  in  the  boring-bar. 

Two  other  designs  of  cutter-heads  are  shown  in  Fig.  27.  The  one 
illustrated  at  A  has  three  equally  spaced  cutters  which  are  held  in  an 
inclined  position.    The  cutters  are  clamped  by  screws  c  and  they  can  be 
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adjusted  within  certain  limits  by  screws  8.  The  cutters  are  placed  at 
an  angle  so  that  they  will  extend  beyond  the  front  of  the  head,  thus 
permitting  the  latter  to  be  moved  up  close  to  a  shoulder.  The  cutter- 
heads  shown  in  Figs.  25  and  26  can  also  be  moved  up  close  to  a  shoulder 


Fig.  27.    Cutter-heada  equipped  with  Adjtistable  Tool* 

If  bent  cutters  are  used  as  shown  in  the  right-hand  view,  Fig.  25.  The 
idea  in  bending  the  cutters  is  to  bring  the  cutting  edges  in  advance  of 
the  clamping  posts  so  that  they  will  reach  a  shoulder  before  the  binding 
posts  strike  it.  The  arrangement  of  cutter  head  B  (Fig.  27)  is  clearly 
shown  by  the  illustration. 
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Fiff.  28.    Borin?  Toola  for  Bouirhinff  and  Finishing  Outs 

Fig.  29  illustrates  the  use  of  a  cutter-head  for  cylinder  boring.  After 
the  cylinder  casting  is  set  on  the  platen  of  the  machine,  the  boring-bar 
with  the  cutter-head  mounted  on  it,  is  inserted  in  the  spindle.  The  bar 
B  has  a  taper  shank  and  a  driving  tang  similar  to  a  drill  shank,  which 
fits  a  taper  hole  in  the  end  of  the  spindle.  The  cutter-head  C  is  fastened 
to  the  bar  so  that  it  will  be  in  the  position  shown  when  the  spindle  is 
shifted  to  the  right,  as  the  feeding  movement  is  to  be  in  the  opposite 
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direction.  The  casting  A  should  be  set  central  with  the  bar  by  adjust- 
ing the  work-table  vertically  and  laterally,  if  necessary,  and  the  outer 
support  F  should  be  moved  close  to  the  work,  to  make  the  bar  as  rigid 
as  possible. 

The  cylinder  is  now  ready  to  be  bored.  Ordinarily,  one  roughing  and 
one  finishing  cut  would  be  sufficient,  unless  the  rough  bore  were  con- 
siderably below  the  finish  diameter.  As  previously  explained,  the  speed 
and  feed  must  be  governed  by  the  kind  of  material  being  bored  and  the 
diameter  of  the  cut.  The  power  and  rigidity  of  the  boring  machine  and 
the  quality  of  the  steel  used  for  making  the  cutters  also  effect  the  cut- 
ting ^eed  and  feed.    Of  course,  the  finishing  cut  is  very  light,  and  a 
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Flff.  SO.    Oylinder  mounted  on  Horlaontal  ICftotalne  for  Boiinff 

tool  having  a  fiat  cutting  edge  set  parallel  to  the  bar,  is  ordinarily  used 
when  boring  cast  iron.  The  coarse  feed  enables  the  cut  to  be  taken  in 
a  comparatively  short  time  and  the  broad-nosed  tool  gives  a  smooth 
finish  if  properly  ground. 

The  coarse  finishing  feed  is  not  always  practicable,  especially  if  the 
boring  machine  is  in  poor  condition,  owing  to  the  chattering  of  the  tool, 
which  results  in  a  rough  surface.  The  last  or  finishing  cut  should  in- 
variably be  a  continuous  one,  for  if  the  machine  is  stopped  before  the 
cut  is  completed,  there  will  be  a  ridge  in  the  bore  at  the  point  where  the 
tool  temporarily  left  off  cutting.  This  ridge  is  caused  by  the  cooling  and 
resulting  contraction  and  shortening  of  the  tool  during  the  time  that  it 
is  stationary.  For  this  reason  independent  drives  are  desirable  for 
boring  machines. 

Cutter  heads  are  often  provided  with  two  sets  of  cutters,  one  set  being 
used  for  roughing  and  the  other  for  finishing.  It  is  a  good  plan  to 
make  these  cutters  so  that  the  ends  e  (Fig.  26)  will  rest  against  the  bar 
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or  bottom  of  the  slot,  when  the  cutting  edge  is  set  to  the  required 
radius.  The  cutters  can  then  be  easily  set  for  boring  duplicate  work. 
One  method  of  making  cutters  in  sets  is  to  clamp  the  annealed  stock  in 


Flir.  80.    Borlntr  a  Duplex  Cylinder  on  a  HorlEontal  Machine 


Tig,  81.    Cylinder  txirned  around  for  Machining  Valve  Seats 

the  cutter-head  and  then  turn  the  ends  to  the  required  radius  by  placing 
the  head  in  the  lathe.  After  both  sets  of  cutters  have  been*  turned  in 
this  way,  they  are  ground  to  shape  and  then  hardened. 

Boring  cutters  intended  for  roughing  and  finishing  cuts  are  shown  in 
the  detail  view  Fig.  28  at  A  and  B,  respectively.    The  side  of  the  rough- 
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ing  cutter  A  is  ground  to  a  slight  angle  c  to  provide  clearance  for  the 
cutting  edge,  and  the  front  has  a  backward  slope  «  to  give  the  tool  keen- 
ness. This  tool  is  a  good  form  to  use  for  roughing  cuts  in  cast  iron. 
The  finishing  tool  at  B  has  a  broad  flat  edge  e  and  it  is  intended  for 
coarse  feeds  and  light  cuts  in  cast  iron.  If  a  round  cutting  edge  is  used 
for  finishing,  a  comparatively  fine  feed  is  required  in  order  to  obtain  a 
smooth  surface.  The  corners  of  tool  B  are  rounded  and  they  should  be 
ground  to  slope  inward  as  shown  in  the  plan  view.  The  top  or  ends  d 
of  both  of  these  tools  are  "backed  off"  slightly  to  provide  clearance. 
This  end  clearance  should  be  just  enough  to  prevent  the  surface  back  of 
cutting  edge  from  dragging  over  the  work.    Excessive  end  clearance  not 


Fl|r-  82.    Borlnff  DlfTerential  Gear  Oaslnir 

only  weakens  the  cuttiiig  edge,  but  tends  to  cause  chattering.  As  a  fin- 
ishing tool  cuts  on  the  upper  end  instead  of  on  the  side,  the  front  should 
slope  backward  as  shown  in  the  side  view,  rather  than  side-wise  as  with 
a  roughing  cutter.  The  angle  of  the  slope  should  be  somewhat  greater 
for  steel  than  cast  iron,  unless  the  steel  is  quite  hard. 

Miscellaneous  Bxamples  of  Boring,  Facing  and  Milling 
The  method  of  holding  work  on  a  horizontal  boring  machine  depends 
on  its  shape.  A  cylinder  or  other  casting  having  a  flat  base  can  be 
clamped  directly  to  the  platen,  but  pieces  of  irregular  shape  are  usually 
held  in  special  fixtures.  Fig.  30  shows  how  the  cylinder  casting  of  a 
gasoline  engine  is  set  up  for  the  boring  operation.  The  work  W  is 
placed  in  a  fixture  F  which  is  clamped  to  the  machine  table.  One  end 
of  the  casting  rests  on  the  adjustable  screws  £^  and  it  is  clamped  by 
setscrews  located  in  the  top  and  sides  of  the  fixture.  There  are  two 
cylinders  cast  integral  and  these  are  bored  by  a  short  stiff  bar  mounted 


Digitized  by  CjOOQ iC 


38 


.V^.  Qc^—MACniNR  TOOL  OPERATION 


ill  the  end  of  the  spindle  and  having  cutters  at  the  outer  end.  A  long 
bar  of  the  type  which  passes  through  the  work  and  is  supported  by  the 
out-board  bearing  B  could  not  be  used  for  this  work,  as  the  top  of  each 
cylinder  is  closed. 

When  one  cylinder  is  finished  the  other  is  set  In  line  with  the  spindle 
by  adjusting  the  work-table  laterally.  This  adjustment  is  effected  by 
screw  C,  and  the  required  center-to-center  distance  between  the  two 
cylinders  is  obtained  l)y  the  micrometer  dial  M  on  the  cross-feed  screw. 
After  the  first  cylinder  is  bored,  the  dial  is  set  to  the  zero  position  by 
loosening  the  small  knurled  screw  shown,  and  turning  the  dial  around. 


FiflT.  88.    Facing  and  Tumlnir  Flanare  of  Differential  Gear  Caaln^^ 

The  feed  screw  is  then  rotated  until  the  dial  shows  that  the  required 
lateral  adjustment  is  made,  which  locates  the  casting  for  boring  the 
second  cylinder.  The  end  of  the  casting  is  also  faced  true  by  a  milling 
cutter.  Ordinarily,  milling  cutters  are  bolted  directly  to  the  spindle 
sleeve  A  on  this  particular  machine,  which  gives  a  rigid  support  for  the 
cutter  and  a  powerful  drive. 

The  next  operation  is  that  of  boring  and  milling  the  opposite  end  of 
the  cylinder.  This  end  is  turned  toward  the  spindle  (as  shown  In  Fig. 
31)  without  unclamping  the  work  or  fixture,  by  simply  turning  the 
circular  table  T  half  way  around.  This  table  is  an  attachment  which 
is  clamped  to  the  main  table  for  holding  work  that  must  be  turned  to 
different  positions  for  machining  the  various  parts.  Its  position  Is 
easily  changed,  and  as  the  work  remains  fixed  with  relation  to  the 
table,  the  alignment  between  different  holes  or  surfaces  is  assured.  If 
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the  table  is  turned  the  right  amount.  In  this  case,  the  casting  needs  to 
be  rotated  one-half  a  revolution  or  180  degrees,  and  this  is  done  by 
means  of  angular  graduations  on  the  base  of  the  table.  The  illustration 
shows  the  casting  set  for  boring  the  inlet  and  exhaust  valve  chambers. 
The  different  cutters  required  for  boring  are  mounted  on  one  bar  as 
shown,  and  the  work  is  adjusted  cross-wise  to  bring  each  valve  cham- 
ber in  position,  by  using  the  micrometer  dial.  The  single-ended  cutter 
c  forms  a  shallow  circular  recess  or  seat  in  the  raised  pad  which  sur- 
rounds the  opening.  The  cover  joint  directly  back  of  the  cylinders  is 
finished  Xfy  milling. 

Another  example  of  boring,  in  which  the  circular  table  is  used,  is 
shown  in  Fig.  32.    The  work  W  is  a  casing  for  the  differential  gears  of 


Flir.  84.    Bxample  of  Work  requiring'  Borinir  and  MiUlng 

an  automobile.  It  is  mounted  in  fixture  F  which  is  bolted  to  the  table. 
The  casting  has  round  ends,  which  are  clamped  in  V-blocks,  thus  align- 
ing the  work.  This  fixture  has  a  guide-bushing  G  which  is  centered 
with  the  bar  and  cutter  in  order  to  properly  locate  the  casting.  There 
is  a  bearing  at  each  end  of  the  casing,  and  two  larger  ones  in  the  center. 
These  are  bored  by  flat  cutters  similar  to  the  style  illustrated  at  A  in 
Fig.  23.  The  cutter  for  the  inner  bearings  is  shown  at  c.  After  the 
bearings  are  bored,  the  circular  table  is  turned  90  degrees  and  the  work 
is  moved  closer  to  the  spindle  (as  shown  in  Fig.  33)  for  facing  flange 
F  at  right  angles  to  the  bearings.  Circular  flanges  of  this  kind  are 
faced  in  a  horizontal  boring  machine  by  a  special  facing-  arm  or  head 
H,  For  this  particular  job  this  head  is  clamped  directly  to  the  spindle 
Bleeve,  but  It  can  also  be  clamped  to  the  spindle  if  necessary.  The  turn- 
ing tool  is  held  in  a  slotted  tool-post,  and  it  is  fed  radially  for  turning 
the  side  or  face  of  the  flange,  by  the  well-known  star  feed  at  S.    When 
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this  feed  is  in  operation  the  bent  finger  E  is  turned  downward  so  that 
it  strikes  one  of  the  star  wheel  arms  for  each  revolution;  this  turns  the 
wheel  slightly,  and  the  movement  is  transmitted  to  the  tool-block  by  a 
feed  screw.  The  illustration  shows  the  tool  set  for  turning  the  outside 
or  periphery  of  the  flange.  This  is  done  by  setting  the  tool  to  the 
proper  radius  and  then  feeding  the  work  hbrizontally  by  shifting  the 
work-table  along  the  bed.  By  referring  to  Fig.  32  it  will  be  seen  that 
the  facing  head  does  not  need  to  be  removed  for  boring,  as  it  is  attached 
to  the  spindle  driving  quill  and  does  not  interfere  with  the  longitudinal 
adjustment  of  the  spindle.  This  facing  head  is  also  used  fre(^ently  for 
truing  the  flanges  of  cylinders  which  are  to  be  bored,  and  for  similar 
work. 

Fig.  34  shows  another  example  of  work  which  requires  boring  and 
milling.    This  casting  is  mounted  on  a  fixture  which  is  bolted  to  the 
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Fiff.  86.    OyUnder  Lininir  Mounted  in  Fixture  for  Boring 

main  table.  In  this  case  the  circular  table  is  not  necessary,  because  the 
work  can  be  finished  without  swiveling  it  around.  After  the  boring 
is  completed  the  edge  E  is  trued  by  the  large-face  milling  cutter  M 
bolted  to  the  spindle  sleeve.  The  irregular  outline  of  the  edge  is  fol- 
lowed by  moving  the  table  crosswise  and  the  spindle  vertically,  as 
required. 

A  method  of  holding  a  lining  or  bushing  while  it  is  being  bored  Is 
shown  in  Fig.  35.  The  lining  L  is  mounted  in  two  cast-iron  fixtures  F. 
These  fixtures  are  circular  in  shape  and  have  flat  bases  which  are  bolted 
to  the  table  of  the  machine.  On  the  inside  of  each  fixture,  there  are 
four  equally  spaced  wedges  W  which  fit  in  grooves  as  shown  in  the  end 
view.  These  wedges  are  drawn  in  against  the  work  by  bolts,  and  they 
prevent  the  lining  from  rotating  when  a  cut  is  being  taken.  This  form 
of  fixture  is  especially  adapted  for  holding  thin  bronze  linings,  such  as 
are  used  in  pump  cylinders,  because  only  a  light  pressure  against  the 
wedges  is  required,  and  thin  work  can  be  held  without  distorting  it. 
If  a  very  thin  lining  is  being  bored,  it  is  well  to  loosen  the  wedges 
slightly  before  taking  the  finishing  cut,  so  that  the  work  can  spring 
back  to  its  normal  shape. 
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CHAPTER  I 


PLAIN  TYPE  OP  MILLINa  MAOHINB 

Milling  machines  are  used  for  a  great  variety  of  operations,  and 
many  types  have  been  designed  for  milling  certain  classes  of  work 
to  the  best  advantage.  The  milling  machine  was  originally  developed 
in  armories  for  manufacturing  the  small  irregular-shaped  parts  used 
in  the  construction  of  fire-arms,  and  the  milling  process  is  still  em- 
ployed very  extensively  in  the  production  of  similar  work,  especially 
when  intricate  profiles  are  required  and  the  parts  must  be  inter- 
changeable. Milling  machines  are  also  widely  used  at  the  present  time 
for  milling  many  large  castings  or  forgings,  which  were  formerly 
finished  exclusively  by  planing;  in  fact,  it  is  sometimes  difficult  to 
determine  whether  certain  parts  should  be  planed  or  milled  in  order 
to  secure  the  best  results. 

The  operation  of  milling  is  performed  by  one  or  more  circular 
cutters,  having  a  number  of  teeth  or  cutting  edges  which  successively 
mill  away  the  metal  as  the  cutter  rotates.  These  cutting  edges  may 
be  straight  and  parallel  to  the  axis  of  the  cutter  for  milling  flat 
surfaces,  or  they  may  be  inclined  to  it  for  forming  an  angular-shaped 
groove  or  surface,  or  they  may  have  an  irregular  outline  correspond- 
ing to  the  shape  or  profile  of  the  parts  which  are  to  be  milled  by 
them.  An  end  view  of  a  cylindrical  or  "plain"  cutter  Is  shown  In 
Fig.  1,  which  illustrates,  diagrammatically,  one  method  of  producing 
a  flat  surface  by  milling.  The  cutter  C  rotates,  as  shown  by  the 
arrow,  but  remains  In  one  position,  while  the  work  W,  which  is 
adjusted  vertically  to  give  the  required  depth  of  cut,  slowly  feeds 
to  the  left  in  a  horizontal  direction.  Each  tooth  on  the  periphery 
of  the  cutter  removes  a  chip  every  revolution,  and,  as  the  work 
moves  along,  a  flat  surface  is  formed. 

The  function  of  the  milling  machine  is  to  rotate  the  cutter  and, 
at  the  same  time,  automatically  feed  the  work  in  the  required  direc- 
tion. As  it  Is  necessary  to  vary  the  feeding  movement  and  the 
speed  of  the  cutter,  in  accordance  with  the  material  being  milled 
and  the  depth  of  the  cut,  the  milling  machine  must  be  equipped 
with  feed-  and  speed-changing  mechanisms  and  other  features  to 
facilitate  its  operation.  As  the  variety  of  work  that  is  done  by  mill- 
ing is  almost  endless,  milling  machines  differ  widely  as  to  their 
form,  size,  and  general  arrangement.  Some  are  designed  for  doing 
a  great  variety  of  work,  whereas  others  are  intended  for  performing, 
as  efficiently  as  possible,  a  comparatively  small  number  of  operations. 
Some  machines  are  arranged  for  rotating  the  cutter  horizontally, 
whereas  with  other  types,  the  cutter  rotates  about  a  vertical  axis. 
In  this  treatise,  no  attempt  will  be  made  to  describe  all  the  different 
types  of  milling  machines,  but  rather  to   refer  briefly  to  the  more 
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common  designs,  and  then  to  illustrate  their  application  and  the  prin- 
ciples of  milling  by  showing  typical  examples  of  common  milling 
operations. 

Plain  MiUinir  Maohlne  of  the  Column-and-Knee  Type 
A  type  of  milling  machine  that  i&  widely  used,  especially  for  milling 
large  numbers  of  duplicate  parts,  is  shown  in  Fig.  2.  This  is  known 
as  a  plain,  horizontal  milling  machine  of  the  column-and-knee  type. 
The  principal  parts  are  the  column  C  and  knee'£^,  the  work  table  T, 
the  main  spindle  8  which  drives  the  cutter,  and  the  speed-  and  feed- 
changing  mechanisms  encased  at  A  and  B,  respectively.  The  spindle 
receives  its  motion  from  belt-pulley  P  at  the  rear.  This  pulley  is 
connected  to  the  driving  shaft  by  a  friction  clutch  operated  by 
lever  M  which  is  used  for  starting  and  stopping  the  machine.  When 
the  friction  clutch  is  engaged,  power  is  transmitted  to  the  main  spindle 


Plff.  1.    End  View  of  Cylindrioal  Cutter  imilo«r  Flat  8urfac« 

S  through  gearing,  and,  by  varying  the  combination  of  this  gearing, 
the  required  speed  changes  ar*^  obtained.  Knee  K  is  free  to  slide 
vertically  on  the  front  face  of  the  column,  and  it  carries  saddle  Z 
and  the  table  T.  The  saddle  has  an  in-and-out  or  cross  movement  on 
the  knee,  and  the  table  can  be  traversed  at  right-angles  to  the  axis 
of  the  spindle.  Either  of  these  three  movements,  that  is,  the  longi- 
tudinal, cross,  and  vertical  movements,  can  be  effected  by  hand  or 
power.  The  hand  movements  are  used  principally  for  adjusting  the 
table  and  work  to  the  required  position  when  starting  a  cut,  whereas 
the  automatic  power  feed  is  employed  when  milling.  The  hand- 
crank  D  is  used  for  raising  or  lowering  the  knee  with  its  attached 
parts,  handwheel  E  is  for  the  cross  feed  of  the  saddle  and  table,  and 
handle  F  is  for  the  longitudinal  adjustment  of  the  table.  The  table 
can  also  be  traversed  rapidly  by  the  large  handwheel  N  at  the  front 
of  the  machine. 

The  work  to  be  milled  is  held  either  in  a  vise  F,  or  it  is  attached 
to  the  table  by  other  means.  When  duplicate  parts  are  to  be  milled 
in  quantity,  they  are  usually  held  in  a  special  fixture  bolted  to  the 
table  in  place  of  the  vise.  Some '  pieces  are  also  clamped  directly  to 
the   table.    The    milling   cutter    is    ordinarily   mounted    on    an    arbor 
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which  is  driven  hy  spindle  8  and  is  rigidly  supported  by  the  bearing 
/  and  arbor-brace  J  which  is  attached  to  a  clamp  on  the  knee.  Many 
machines  do  not  have  the  extra  bearing  I,  but  this  Is  desirable  for 
many  classes  of  work,  as  it  can  be  adjusted  along  the  overhanging 
arm  and  provides,  a  support  for  the  arbor  close  to  the  cutter. 

The  speed  of  the  spindle  is  varied  by  changing  the  positions  of  the 
levers  L,  L^,  and  the  handwheel  W.  Each  lever  has  two  positions, 
making  four  in  all,  which  are  marked  with  the  letters  A,  B,  C  and  D, 


Flff.  a.    Oincinnatl  Plain  Milling  Machine 

and  the  positions  for  the  handwheel  are  numbered  1,  2,  3,  and  4.  An 
index-plate  or  table  attached  to  the  casing  shows  just  what  the  speed 
will  be  for  any  position  of  the  levers.  For  example,  to  obtain  115  revo- 
lutions per  jnijuit£,  the  jpiOfiUions  given  on  the  index-plate  under  115  are 
3 — BC,  which  means  that  the  handwheel  is  set  to  position  3,  one  lever 
is  engaged  with  hole  B  and  the  other  with  hole  C.  This  particular  ma- 
chine has^  total  of  sixteen  speed  changes.  If  there  is  any  interfer- 
ence between  the  gears  when  changing  the  speeds,  they  can  readily 
be  engaged  by  pressing  foot-lever  O,  which  operates  an  auxiliary  disk 
clutch  and  revolves  the  gears  slightly. 
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The  power-feed  mechanism  at  B  transmits  its  movement  to  the  front 
of  the  machine  by  shaft  U  equipped  with  universal  joints  and  a  tele- 
scopic connection  to  permit  raising  or  lowering  the  knee  on  the 
column.  Shaft  U  drives  gearing  in  the  feed-tripping  and  reversing 
box  G,  and  from  this  point  the  power  is  transmitted  to  the  knee» 
saddle  or  table,  as  may  be  required.  The  table  feed  is  engaged  or 
disengaged  by  lever  Y  and  it  is  controlled  by  another  lever  located 
at  Q,  but  not  seen  in  the  illustration.  The  direction  in  which  lever 
Q  is  inclined  from  the  vertical,  determines  the  direction  of  the  table 
feed.  For  instance,  if  it  is  shifted  to  the  right  the  table  will  travel 
toward  the  right,  and  vice  versa.  This  lever  Q  also  controls  any 
feed  that  happens  to  be  engaged,  as  well  as  the  table  feed.  Lever  X 
engages  either  the  vertical  or  cross  feeds,  and  all  of  the  feeding 
movements  can  be  controlled  by  lever  R  by  means  of  which  they  are 
reversed. 

The  rate  or  amount  of  feed  per  revolution  of  the  cutter  can  be 
varied  by  the  levers  and  handwheel  on  case  B.  There  are  16  changes, 
and  an  index-plate  shows  what  the  rate  of  feed  is  for  any  position 
of  the  levers.  The  longitudinal,  cross  or  vertical  feeding  movements 
can  be  automatically  stopped  at  any  predetermined  point  by  the  trip- 
plungers  h  c,  and  V,  respectively.  These  plungers  are  operated  by 
dogs  which  can  be  adjusted  so  that  the  automatic  trip  will  operate 
after  the  cut  is  completed.  The  dogs  H  and  Hu  for  the  table  feed, 
are  clamped  to  the  front  of  the  table  as  shown.  One  of  these  dogs 
trips  the  feed  by  lifting  the  plunger  and  the  other  by  depressing 
it.  A  movement  of  the  plunger  in  either  direction  disengages  a 
clutch  at  G  and  places  it  in  a  neutral  position.  This  is  the  same 
clutch  that  is.  operated  by  feed-reverse  lever  R.  The  automatic  trip 
mechanism  is  a  very  convenient  feature,  as  it  prevents  feeding  too 
far,  and  makes  the  machine  more  independent  of  the  operator. 

The  principal  features  of  a  plain  milling  machine,  so  far  as  the 
operation  of  the  machine  is  concerned,  have  now  been  described,  but 
it  should  be  remembered  that  while  plain  machines  of  other  makes 
have  the  speed-  and  feed-changing  mechanisms,  the  automatic  trips,' 
etc.,  the  arrangement  of  these  parts  varies  in  different  designs. 
When  the  construction  of  one  machine  is  thoroughly  understood, 
however,  the  changes  in  other  designs  in  the  location  of  the  speed- 
and  feed-control  levers,  and  the  functions  of  the  different  parts,  can 
readily  be  understood. 
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ADJUSTINa  AND  OPBRATINO  A  Mn,T,ma  MACHINE 

Before  a  milling  machine  can  be  used,  it  is  necessary,  of  course, 
to  arrange  it  for  doing  the  work  in  hand,  which  includes  mounting 
the  cutter  in  position,  and  adjusting  the  driving  and  feed  mechanisms 
for  giving  the  proper  speed  to  the  cutter  and  feed  to  the  work.  The 
part  to  be  milled  must  also  be  securely  attached  to  the  machine,  so 
that  it  can  be  fed  against  the  revolving  cutter  by  moving  the  table 
in  whatever  direction  may  be  required.    The  way  a  milling  machine 


Fig.  a.    MUlintr  a  BmaU  Rectangular  Block 

is  arranged,  and  the  kind  of  cutter  used,  depends  on  the  nature  of 
the  milling  operation.  The  character  of  the  work,  and  other  consid- 
erations which  will  be  referred  to  later,  also  affect  the  speed  and 
feed,  as  well  as  the  method  of  clamping  the  work  to  the  table;  hence, 
judgment  and  experience  are  needed  to  properly  decide  the  questions 
that  arise  in  connection  with  milling  practice,  and  no  definite  rules 
or  methods  of  procedure  can  be  given.  We  shall  explain,  however, 
in  a  general  way,  how  milling  machines  are  arranged  and  used 
under  varying  conditions,  by  giving  illustrated  descriptions  covering 
typical  examples  of  work  representing  the  various  classes  that  are 
machined  by  the  milling  process. 

A  very  simple  example  of  milling  is  shown  in  Fig.   3,  the  opera- 
tion being  that  of  milling  a  flat  surface  on  top  of  a  steel  block  W. 
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Before  referring  to  this  work,  it  might  be  well  to  explain  that  the 
spindle  of  the  machine  shown  in  this  illustration,  is  driven  by  a 
stepped  or  cone  pulley  P,  instead  of  by  a  single,  constant-speed  pulley 
as  in  Fig.  2.  Speed  changes  are  obtained  by  shifting  the  driving  belt 
to  different  steps  of  the  cone,  and  the  number  of  changes  secured 
in  this  way  can  be  doubled  by  the  engagement  of  back^ears  located 
at  the  side  of  the  cone,  the  arrangement  being  the  same  as  the  back- 
gearing  on  an  engine  lathe. 

Method  of  Holding  and  Driving  the  Cutter 

The  first  thing  to  be  done  in  connection  with  milling  block  W,  is 
to  select  the  cutter.  As  a  flat  surface  is  to  be  milled,  a  plain  cylin- 
drical cutter  C  would  be  used  (in  a  machine  of  this  type),  having 
a  width  somewhat  greater  than  the  surface  to  be  milled.    This  cutter 


Fig-.  4.    Cutter  Arbors 

is  mounted  on  an  arbor  D  which  is  rotated  by  the  spindle  and  is 
supported  at  its  outer  end  by  arm  B.  This  is  the  usual  method  of 
mounting  and  driving  the  cutter,  when  a  horizontal  milling  machine 
of  the  column-and-knee  type  is  used,  although  some  cutters  or  mills 
are  made  with  a  taper  shank  which  is  inserted  directly  in  the  spindle 
8.  When  an  arbor  is  placed  in  the  machine,  its  outer  end,  in  some 
instances,  is  supported  by  a  center  (similar  to  a  lathe  center),  which 
is  inserted  in  the  centered  end  of  the  arbor  as  shown  at  A  in  Fig.  4. 
Another  method  of  supporting  the  arbor,  which  is  very  common,  Is 
shown  at  B.  In  this  case,  the  arbor  passes  through  a  bearing  In  the 
arm.  The  particular  machine  shown  in  Fig.  3  has  an  arm  contain- 
ing a  center  and  also  a  bearing,  so  that  the  arbor  can  be  supported 
in  whichever  way  is  most  convenient.  The  inner  end  of  the  arbor 
has  a  taper  shank  which  fits  the  spindle  hole,  and  It  is  usually 
locked  with  the  spindle,  either  by  a  flat  tang  at  the  end  or  by  a 
draw-in  bolt  which  passes  through  the  spindle  and  holds  the  arbor 
tightly  in  the  taper  hole.  An  arbor  having  a  tang  t  is  shown  at 
A,  Fig.  4,  and  the  style  having  a  draw-in  bolt  d  is  illustrated  at  B. 
The  latter  form  also  has  a  collar  g  with  flattened  sides  which  engage 
a  slot  cut  in  the  end  of  the  spindle,  thus  giving  a  strong,  positive 
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drive.    This  particular  style  of  arbor   is   removed  by  forcing  nut  e 
against  the  end  of  the  spindle. 

The  cutter  c  is  clamped  between  cylindrical  bushings  w  which  are 
placed  on  the  arbor  and  tightened  by  nut  n.  These  bushings  are  of 
different  lengths,  so  that  the  lateral  position  of  the  cutter  can  be 
varied.  Many  small  cutters  are  driven  simply  by  friction,  but  medium 
and  large  sizes,  especially  when  used  for  taking  deep  roughing  cuts, 
are  mounted  on  splined  arbors,  and  keys  are  used  to  give  a  positive 
drive  and  prevent  the  cutter  from  slipping.    The  cutter  should  always 


FlfiT.  6.    MmiZLff  Machine  Vii 


be  placed  as  near  the  spindle  as  circumstances  will  permit,  in  order 
to  give  a  strong  drive  and  reduce  the  torsional  strain  on  the  arbor. 

Holding  Work  on  the  Milling  Machine 

The  next  thing  to  consider  is  the  method  of  holding  or  fastening 
the  part  while  it  is  being  milled.  In  this  case,  the  block  is  clamped 
between  the  jaws  of  a  vise  V  (see  Fig.  3),  which,  in  turn,  is  bolted 
to  the  table  of  the  machine.  Vises  are  frequently  used  for  holding 
small  pieces,  but  are  not  suitable  for  many  classes  of  work.  The 
proper  method  of  clamping,  in  any  case,  is  governed  by  the  size  of 
the  work,  its  shape,  and  the  nature  of  the  milling  operation.  The 
number  of  duplicate  parts  required  should  also  be  taken  into  con- 
sideration. Some  pieces  are  clamped  directly  to  the  machine  table 
which  has  T-slots  for  receiving  the  clamping  bolts.  It  is  necessary, 
of  course,  that  the  work  be  held  securely  enough  to  prevent  its 
shifting  when  a  cut  is  being  taken,  and  it  is  equally  important  that 
it  should  be  supported  so  as  to  overcome  any  springing  action  due 
either  to  its  own  weight  or  to  the  pressure  of  the  cut  Some  parts 
are  also  sprung  out  of  shape  by  applying  the  clamps  improperly  or 
by  omitting  to  place  supports  under  some  weak  or  flexible  section; 
as  a  result,  the  milled  surface  is  not  true  after  the  clamps  are 
removed  and  the  casting  springs  back  to  its  natural  shape.  Generally 
speaking,  work  should  be  clamped  more  securely  for  milling  than  for 
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planing,  because  the  pressure  of  the  cut,  when  milling,  is  usually 
greater  than  when  planing,  although  this  depends  altogether  upon  the 
depth  of  the  cut  and  the  size  of  the  cutter. 

Three  types  of  milling  machine  vises  which  are  commonly  used, 
are  shown  in  Fig.  5.  The  one  illustrated  at  A  is  called  a  plain  vise. 
It  is  held  to  the  table  by  a  screw  which  passes  through  the  vise 
bed  and  threads  into  a  nut  inserted  into  one  of  the  table  T-slots. 
This  same  style  is  also  made  with  flanges  so  that  it  can  be  secured 
by  ordinary  clamps.  The  vise  shown  at  B  has  a  swiveling-  base 
and  it  can  be  adjusted  to  any  angle  in  a  horizontal  plane,  the  posi- 
sition  being  shown  by  graduations.  This  adjustment  is  used  for  angu- 
lar milling.  The  vise  shown  at  C  is  known  as  the  universal  type.  It 
can  be  swiveled  in  a  horizontal  plane  and  can  be  set  at  any  angle 
up  to  90  degrees   in  a  vertical   plane,   the  position,   in   either   case. 


FlfiT.  a.    (A)  Work  feeding  a«ralnflt  Rotation  of  Oatter.    (B)  Work  teedlnir 
with  Rotation  of  Cutter 

being  shown  by  graduations.  The  hinged  knee  which  gives  the  ver- 
tical adjustment,  can  be  clamped  rigidly  by  the  nut  on  the  end  of 
the  bolt  forming  the  hinge,  and  by  bracing  levers  at  the  left  which 
are  fastened  by  the  bolts  shown.  This  style  of  vise  is  used  prin- 
cipally by  die-  and  tool-makers,  and,  owing  to  its  universal  adjust- 
ment, can  often  be  utilized  in  place  of  a  jig  or  fixture.  When  large 
quantities  of  duplicate  pieces  are  to  be  milled,  they  are  usually  held 
in  special  fixtures  which  are  so  designed  that  the  work  can  quickly 
be  clamped  in  position  for  milling.  The  arrangement  or  form  of  a 
fixture  depends,  of  course,  on  the  shape  of  the  part  for  which  it  is 
intended  and  the  nature  of  the  milling  operation.  A  number  of 
different  fixtures  will  be  shown  lu  connection  with  the  examples  of 
milling  given  in  succeeding  chapters. 

Direction  of  Feeding'  Movement  and  Relative  Rotation  of  Cutter 
After  the  cutter  is  mounted  on  the  arbor  and  the  part  is  clamped 
to  the  table,  we  are  ready  to  begin  milling.  Before  starting  a  cut, 
the  table  is  shifted  lengthwise  and  crosswise,  if  necessary,  until  the 
cutter  is  at  one  end  of  the  work.  The  knee  K,  (Fig.  2)  with  the 
table,  is  then  raised  sufficiently  to  give  the  required  depth  of  cut. 
and   the  trip-dog  at  the   front   of  the   table   is  set  to   disengage  the 
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power  feed  after  the  cut  is  completed.  The  longitudinal  power  feed 
for  the  table  is  then  ei\gaged,  and  the  part  W  feeds  beneath  the  re- 
volving cutter  C,  which  mills  a  flat  surface. 

By  referring  to  Fig.  6,  it  will  be  seen  that  the  direction  of  the 
feeding  movement  might  be  either  to  the  right  or  left,  as  indicated 
at  A  and  B,  When  the  cutter  rotates  as  shown  at  A,  the  part  being 
milled  feeds  against  the  direction  of  rotation,  whereas  at  B,  the  move- 
ment is  with  the  cutter  rotation.  In  the  first  case,  the  cutter  tends 
to  push  the  work  away,  but  when  the  relative  movements  are  as  at 
B,  the  cutter  tends  to  draw  the  part  forward,  and  if  there  is  any 
backlash  or  lost  motion  between  the  table  feed-screw  and  nut,  this 
actually  occurs  when  starting  a  cut;  consequently,  the  cutter  teeth 
which  happen  to  be  in  engagement,  take  deeper  cuts  than  they  should, 
which  may  result  in  breaking  the  cutter  or  damaging  the  work. 
Therefore,  the  work  should  ordinarily  feed  against  the  rotation  of 
the  cutter.  When  milling  castings  which  have  a  hard  sandy  scale, 
the  cutting  edges  of  the  teeth  will  also  remain  sharp  for  a  longer 
period  when  feeding  against  the  rotation,  as  at  A.  This  is  because 
the  teeth  move  up  through  the  metal  and  pry  off  the  scale  from 
beneath,  whereas  at  B,  the  sharp  edges  e  strike  the  hard  scale  each 
revolution,  which  dulls  them  in  a  comparatively  short  time.  Occa- 
sionally, a  part  can  be  milled  to  better  advantage  by  feeding  it  with 
the  cutter.  This  is  especially  true  when  the  work  is  frail  and  cannot 
be  held  very  securely,  because  a  cutter  rotating  as  at  B  tends  to 
keep  the  work  down,  whereas  the  upward  movement  at  A  tends  to 
lift  it.  When  the  work  moves  with  the  cutter,  the  table  gib-screws 
should  be  set  up  tighter  than  usual  to  prevent  a  free  movement  of 
the  table,  because  this  would  allow  the  cutter  teeth  to  "dig  in"  at 
the  beginning  of  the  cut.  Some  machines  are  designed  to  prevent 
this,  and  counterweights  are  sometimes  used  to  hold  the  table  back. 

It  should  be  mentioned  that  a  cutter  does  not  always  rotate  in  the 
direction  shown  at  A  and  B.  If  it  were  turned  end  for  end  on  the 
arbor,  thus  reversing  the  position  of  the  teeth,  the  rotation  would 
have  to  be  in  a  clockwise  direction,  and  the  feeding  movement  to 
the  right.  A  cutter  which  rotates  to  the  right  (clockwise),  as  viewed 
from  the  spindle  side,  is  said  to  be  right-hand,  and,  inversely,  a  left- 
hand  cutter  is  one  that  turns  to  the  left  (counter-clockwise)  when 
milling. 

The  Cutting'  Speed  and  Feed 

The  proper  speed  for  the  cutter,  and  the  feeding  movement  of  the 
work  for  each  revolution  of  the  cutter,  are  governed  by  so  many 
different  things  that  no  definite  rule  can  be  given  to  determine  Just 
what  the  speed  and  feed  should  be  unless  the  conditions  are  known. 
The  speed  of  the  cutter  depends  partly  on  the  kind  of  material  being 
milled.  Tool  steel  cannot  be  cut  as  fast  as  soft  machine  steel  or 
cast  iron,  and  brass  can  be  milled  at  much  higher  speed.  The  con- 
dition of  the  cutter  also  affects  the  speed,  it  being  possible  to  operate 
a  sharp  cutter  faster  than  a  dull  one,  because  the  dull  edges  generate 
an  excessive  amount  of  heat.    When  milling  steel  or  wrought  iron. 
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the  application  of  a  lubricant  to  the  cutter  enables  higher  speeds 
to  be  used.  Lard  oil  or  any  animal  or  fish  oil  is  used  as  a  lubricant, 
and  some  manufacturers  mix  mineral  oil  with  lard  or  fish  oil.  The 
lubricant  is  usually  applied  to  the  cutter  through  a  pipe  or  spout 
which  can  be  adjusted  to  the  proper  position.  Some  machines  have 
a  special  pump  for  supplying  the  lubricant,  and  others  are  equipped 
with  a  can  from  which  the  lubricant  flows  to  the  cutter  by  gravity. 
Cast  iron  and  brass  are  milled  dry. 

A  general  idea  of  the  speeds  that  are  feasible  when  using  carbon 
steel  cutters  may  be  obtained  from  the  following  figures  which  repre- 


Flfr.  7.    Mminff  OiMt-lron  Bearing  Oapa 

sent  the  velocity  (in  feet  per  minute)  at  the  circumference  of  the 
cutter.  For  taking  roughing  cuts:  for  cast  iron,  40  feet  per  minute; 
for  machine  steel,  60  feet  per  minute;  for  tool  steel,  25  feet  per 
minute;  and  for  brass,  75  feet  per  minute.  Finishing  cuts  are  to  be 
taken  at  speeds  varying  from  50  to  55  feet  for  cast  iron;  75  to  80 
feet  for  machine  steel;  30  to  35  feet  for  tool  steel;  and  95  to  100 
feet  for  brass.  These  figures  are  not  given  as  representing  the  maxi- 
mum speeds  that  can  be  used  successfully,  even  with  ordinary  carbon 
cutters,  and  with  high-speed  steel  cutters  they  can  be  doubled,  owing 
to  the  superior  cutting  qualities  of  high-speed  steel. 

The  distance  that  the  work  feeds  per  revolution  of  the  cutter  must 
also  be  varied  to  suit  conditions.  When  milling  cutters  were  first 
made,  they  had  fine,  closely-spaced  teeth  between  which  the  chips 
clogged,  thus  preventing  any  cutting  action  except  with  fine  feeds. 
Modern  cutters,  however,  have  much  coarser  teeth  and,  consequently. 
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deeper  cuts  and  heavier  feeds  can  be  used.  Aside  from  the  question 
of  cutter  design,  the  feed  is  affected  by  the  depth  of  the  cut,  the 
kind  of  material  being  milled,  the  quality  of  the  finish  required,  and 
the  rigidity  of  the  work.  As  a  general  rule,  a  relatively  low  cutting 
speed  and  a  heavy  feed  is  used  for  roughing,  whereas  for  finishing, 
the  speed  is  increased  and  the  feed  diminished.  The  data  given  in 
connection  with  some  of  the  examples  of  milling  referred  to  in  this 
treatise,  will  show,  in  a  general  way,  what  speeds  and  feeds  are  prac- 
ticable when  using  a  well-built  machine  and  modern  cutters. 

Milling  Cast-iron  Bearing  Caps 

Another  example  of  milling  which  is  similar  in  principle  to  the 
one  illustrated  in  Fig  3,  is  shown  in  Fig.  7.  The  operation  is  that 
of  milling  fiat  surfaces  on  the  edges  of  cast-iron  bearing  caps  B.  Two 
of  these  caps  are  placed  in  line  and  milled  by  one  passage  of  the 
cutter.  They  are  mounted  on  parallel  strips  placed  under  the  bolt 
lugs  on  the  side  and  are  held  by  ordinary  clamps  as  shown.  The 
cutter  used  is  cylindrical  in  form  and  has  helical  or  "spiral"  teeth 
which  are  nicked  at  intervals  along  the  cutting  edges  in  order  to 
break  up  the  chips  and  reduce  the  power  required  for  driving.  The 
proper  depth  of  cut  is  obtained  by  adjusting  the  knee  vertically,  and 
then  the  edges  are  milled  by  traversing  the  castings  beneath  the 
revolving  cutter.  By  clamping  two  of  the  castings  in  line  and  milling 
them  together,  they  are  finished,  of  course,  more  quickly  than  if  one 
were  machined  at  a  time.  The  following  figures  will  give  a  general 
idea  of  the  feeds  and  speeds  used  for  this  particular  operation.  The 
cutter  is  3  inches  in  diameter  and  rotates  53  revolutions  per  minute. 
The  average  depth  of  cut  is  about  %  inch  and  the  table  feeds  0.250 
inch  per  revolution  of  the  cutter  or  over  13  inches  per  minute.  This 
cutter  is  made  of  high-speed  steel  and,  therefore,  can  be  run  faster 
without  injuring  the  cutting  edges,  than  if  made  of  ordinary  carbon 
steel. 
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DIPPBRBNT  TYPES  OP  MILLING  CUTTERS 


As  the  proceseee  of  milling  can  be  applied  to  an  almost  unlimited 
range  of  work,  the  cutters  used  on  milling  machines  are  made  in  a 
great  variety  of  forms.  Some  of  the  different  types  can  be  used  for 
general  work  of  a  certain  class,  whereas  other  cutters  are  made 
especially  for  milling  one  particular  part.  Of  course,  the  number  of 
different  types  that  are  used  on  any  one  machine,  depends  altogether 
on   the  variety  of  milling  operations   done   on   that  machine.     When 


Fig.  8.    Cylindrical.  Side,  and  Face  Millinir  Cutters 

the  nature  of  the  work  varies  widely,  the  stock  of  cutters  must  be 
comparatively  large,  and,  inversely,  when  a  machine  is  used  for  mill- 
ing only  a  few  parts,  a  large  cutter  equipment  is  not  necessary. 

A  number  of  different  types  of  cutters  in  common  use  are  shown 
in  Figs.  8,  9,  and  10.  The  form  illustrated  at  A,  Fig.  8,  Is  called  a 
cylindrical  or  plain  cutter.  This  form  is  used  for  producing  flat  sur- 
faces and  it  is  made  in  various  diameters  and  lengths.  Another 
cutter  of  the  cylindrical  type  is  shown  at  B.  This  differs  from  cutter 
A  in  that  the  teeth  are  nicked  at  intervals  along  the  cutting  edges. 
The  idea  in  nicking  the  teeth  is  to  break  up  the  chips,  as  previously 
mentioned.  This  enables  heavier  or  deeper  cuts  to  be  taken  with 
the  same  expenditure  of  power;  hence,  the  nicked  cutter  is  exten- 
sively used  for  roughing  cuts.  It  will  be  noted  that  the  teeth  of  these 
two  cutters  are  not  parallel  .with  the  axis,  but  are  helical  or  "spiraj." 
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Cutters  having  helical  teeth  are  generally  used  in  preference  to  the 
type  with  straight  or  parallel  teeth,  especially  for  milling  compara- 
tively wide  surfaces,  because  the  former  cut  more  smoothly.  When 
teeth  are  parallel  to  the  axis,  each  tooth  begins  to  cut  along  its  entire 
width  at  the  same  time;  consequently,  if  a  wide  surface  is  being 
milled,  a  shock  is  produced  as  each  tooth  engages  the  metal.  Thia 
difficulty  is  not  experienced  with  helical  teeth  which,  being  at  an 
angle,  begin  to  cut  at  one  side  and  continue  across  the  work  with  a 
smooth  shaving  action.  Helical  cutters  also  require  less  power  for 
driving  and  produce  smoother  surfaces. 

A  side  milling  cutter  is  shown  at  C.    This  type  has  teeth  on  both 
sides,  as  well  as  on  the  periphery,  and  it  is  used  for  cutting  grooves 


FlfiT.  9.    End  MiUs.  T-slot  Cutter.  SheU  Bnd  MIU.  and  Angular  Cutter 

or  slots  and  for  other  operations,  examples  of  which  will  be  shown 
subsequently.  The  sides  of  this  form  of  cutter  are  recessed  between 
the  hub  and  inner  ends  of  the  teeth,  in  order  that  they  will  clear 
a  surface  being  milled.  Two  side  mills  are  often  mounted  on  the 
same  arbor  and  used  in  pairs  for  milling  both  sides  of  a  part  at  the 
same  time.  This  type  of  cutter  is  also  employed  in  conjunction  with 
other  forms  for  milling  special  shapes,  as  will  be  shown  later.  Another 
side  milling  cutter  is  shown  at  £).  This  mill,  instead  of  being  made 
of  one  solid  piece  of  steel,  has  a  cast-iron  body  into  which  tool  steel 
teeth  are  inserted.  These  teeth  fit  into  slots  and  they  are  held  in 
place  by  flat-sided  bushings  which  are  forced  against  them  by  the 
screws  shown.  There  are  many  different  methods  of  holding  teeth 
in  cutters  of  this  type.  The  inserted-tooth  construction  is  ordinarily 
used  for  large  cutters,  in  preference  to  the  solid  form,  because  it  is 
cheaper,  and  the  inserted  teeth  can  readily  be  replaced  when  neces- 
sary. When  solid  cutters  are  made  in  large  sizes,  there  is  danger 
of  their  cracking  while  being  hardened,  but  with  the  inserted-tooth 
type,  this  is  eliminated.    A  large  cylindrical  cutter  with  inserted  teeth 
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is  shown  at  E.  The  cutter  illustratred  at  F  also  has  inserted  teeth  and 
is  called  a  face  milling  cutter.  This  form  is  especially  adapted  to 
end  or  face  milling  operations.  When  in  use,  the  cutter  is  mounted 
on  a  short  arbor  which  is  inserted  in  the  milling  machine  spindle. 


Fhr.  lO.    Formed  Cutters,  AnflrxUar  Cutters,  and  SUttinsr  Saw 

The  three  cutters.  A,  B,  and  C,  Fig.  9,  are  called  end  mills  because 
they  have  teeth  on  the  end  as  well  as  on  the  periphery  or  body; 
hence,  they  can  cut  in  an  endwise  as  well  as  a  sidewise  direction. 
These  mills,  instead  of  being  mounted  on  an  arbor,  have  taper  shanks 
which  are  driven  into  a  hole  of  corresponding  taper    in  the  machine 


Flff.  11.    Diagrams  Ulustratlnir  use  of  Formed  Cutters  for  fluting' 
Taps,  Reamers,  etc. 

spindle.  The  shanks  have  a  flat  end  or  tang  which  engages  a  slot 
in  the  spindle  and  prevents  the  mill  from  slipping  when  taking  a  cut. 
The  mill  shown  at  A  has  straight  teeth,  whereas  the  form  B  has  spiral 
teeth.  The  type  shown  at  C  ia  adapted  to  slot  milling,  especially  when 
it  is  necessary  to  cut  in  to  the  required  depth  with  the  end   of  the 
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mill,  because  the  inner  ends  of  the  teeth  are  sharp,  and  can  more 
readily  cut  a  path  from  the  starting  point. 

The  cutter  illustrated  at  D  is  a  special  form  used  for  cutting  T-slots, 
after  the  central  groove  has  been  milled.  The  larger  sizes  of  end 
mills  do  not  have  solid  taper  shanks,  but  are  made  in  the  form  of 
shells  (as  at  £7)  which  are  fastened  to  an  arbor  that  serves  as  a  shank. 


a 

/v- 

{^y 

O 

ZZZZ>^ 

^     I-.    1 

XaehiMn 

Fiff.  12.'  Fly-cutter  and  Arbor 

This  arbor  has  a  taper  end  that  fits  the  machine  spindle,  and  the 
mill  is  attached  to  the  outer  end  which  is  equipped  with  a  driving 
key  that  engages  a  slot  cut  across  the  inner  end  of  the  mill.  This 
type  of  cutter  can  often  be  used  when  a  long  arbor  with  an  outboard 
support  would  be  in  the  way.  The  angular  cutter  F  has  teeth  which 
are  at  an  angle  of  60  degrees  with  the  axis.  This  form  is  used  for 
milling  dovetailed  slots  and  for  similar  work.  The  particular  style 
shown  has  a  threaded  hole  and  it  is  screwed  onto  an  arbor. 

The  two  cutters  illua* 
trated  at  A  and  B,  Fig.  10, 
are  examples  of  formed 
milling  cutters.  The  cut- 
ting edges  of  this  type  are 
made  to  the  same  shape  as 
the  profile  of  the  piece  to 
be  milled.  The  small  partjs 
of  sewing  machines,  guns, 
typewriters  and  other 
pieces  having  an  irregular 
and  intricate  shape,  are 
milled  with  formed  cutters. 
The .  teeth  of  these  cutters 
are  "backed  off"  so  that 
they  can  be  sharpened  without  changing  the  profile,  provided  the  front 
faces  are  ground  radial.  The  convex  and  concave  cutters,  C  and  D, 
which  are  also  of  the  formed  type,  are  for  milling  half-circles,  one 
cutting  half-round  grooves  and  the  other,  forming  half-round  edges. 
Formed  cutters  are  made  in  a  great  variety  of  shapes  and  they  are 
used  for  many  different  purposes.  The  diagrams.  Fig.  11,  illustrate 
how  formed  cutters  are  used  for  fluting  taps,  reamers,  and  four-lipped 
drills.  Sketch  A  shows  how  the  grooves  or  flutes  are  cut  in  a  tap.  As 
will  be  seen,  the  groove  is  milled  to  the  same  shape  as  the  cutter.  The 
sketches   at   B    and   C   show    cutters    of   different    shapes    for    fluting 


FlfiT.  18.    Interlockinsr  Side  MiUlnar  Cutter 
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reamers,  and  D  illustrates  how  the  grooves  are  cut  In  four-lipped  twist 
drills,  of  the  type  used  in  screw  and  chucking  machines  for  roughing 
out  holes  prior  to  reaming.  The  angular  cutters,  E  and  F  (Fig.  10), 
are  used  extensively  for  forming  teeth  on  milling  cutters.  The  style  E 
is  employed  for  cutting  straight  teeth,  whereas  the  double-angle  cutter 
F  is  especially  adapted  to  milling  spiral  grooves.  The  thin  cutter  illus- 
trated at  O  is  known  as  a  slitting  saw,  and  it  is  used  for  milling 
narrow  slots,  cutting  off  stock,  and  for  similar  purposes. 

Fig.  12  shows  a  simple  type  of  cutter  that  is  often  used  for  opera- 
tions that  \^ill  not  warrant  the  expense  of  a  regular  formed  cutter. 
This  is  called  a  fly-cutter.  The  milling  is  done  by  a  single  tool  c 
which  has  the  required  outline.     This  tpol  is  held  in  an  arbor  having 


Fitr.  14.    MlUinir  Groove  with  Inlerlocklntf  Cutter 

a  taper  shank  the  same  as  an  end  mill.  The  advantage  of  the  fly- 
cutter  is  that  a  single  tool  can  be  formed  to  the  desired  shape,  at  a 
comparatively  small  expense. 

The  milling  cutter  shown  in  Fig.  13  is  similar  to  a  side  mill,  but 
it  is  composed  of  two  units  instead  of  being  made  of  one  solid  piece 
of  steel.  These  two  sections  are  joined  as  shown  by  the  view  to  the 
left,  there  being  projections  on  each  half  which  engage  corresponding 
slots  in  the  other  half,  thus  locking  both  parts  together.  This  type 
of  cutter  is  largely  used  for  milling  grooves  or  slots,  because  as  the 
side  teeth  wear  or  are  ground  away,  the  two  sections  of  the  mill 
can  be  spread  apart  by  washers  in  order  to  maintain  a  standard  width. 
An  example  of  slot  milling  with  an  interlocking  cutter  is  shown  in 
Fig.  14.  The  cutter  is  mounted  on  an  arbor  the  same  as  a  regular 
side  mill,  and  the  part  to  be  grooved  is  bolted  directly  to  the  table, 
one  end  being  supported  on  parallel  strips.  When  it  is  necessary  to 
mill  a  large  number  of  grooves  to  a  standard  size,  the  interlocking 
cutter  is  the  best  type  to  use,  owing  to  its  adjustment  for  width. 
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CHAPTER  IV 

FORM  MILLING— STRADDLE  AND  GANG 
MILLING-BND  MILLING 

One  of  the  great  advantages  of  the  milling  process  is  that  duplicate 
parts  having  intricate  shapes  can  be  finished  within  such  close  limits 
as  to  be  interchangeable.  Because  of  this  fact,  milling  machines  are 
widely  used  for  manufacturing  a  great  variety  of  small  machine 
parts  having  an  irregular  outline.  The  improved  high-speed  steel 
cutters  now   used,  and   the  powerful  machines  which  have  been   de- 


Fiff.  16.    Bxaznple  of  Form  Milling 

veloped   for  driving  these  cutters,  also   make   it  possible  to  machine 
many  heavy  parts    more  rapidly  by  milling  than  in  any  other  way. 

When  pieces  having  an  irregular  outline  are  to  be  milled,  it  is 
necessary  to  use  a  cutter  having  edges  which  conform  to  the  profile 
of  the  work.  Such  a  cutter  is  called  a  form  or  formed  cutter,  as 
explained  in  Chapter  III.  There  is  a  distinction  between  a  iorm 
cutter  and  a  formed  cutter,  which  according  to  the  common  use  of 
these  terms  is  as  follows:  A  formed  cutter  has  teeth  which  are  so 
relieved  or  "backed  off"  that  they  can  be  sharpened  by  grinding,  with- 
out changing  the  tooth  outline,  whereas  the  term  form  cutter  may  be 
applied  to  any  cutter  for  form  millins,  regardless  of  the  manner  in 
which  the  teeth  are  relieved. 
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An  example  of  form  milling  is  illustrated  in  Fig.  16,  which  shows 
a  steel  piece  W  having  an  irregular  edge  which  is  milled  by  form 
cutter  C.   The  part  W  is  held  in  a  vise  which  is  equipped  with  special 

false  jaws  having  the 
same  outline  as  the 
work,  to  provide  a 
more  rigid  support. 
These  special  Jaws  are 
attached  to  the  vise  in 
place  of  the  regular 
jaws,  which  are  re 
movable.  When  the 
cutter  feeds  across  the 
work,  its  form  is  re- 
produced. A  large 
number  of  duplicate 
parts  can  be  milled  in 
a  comparatively  short 
time,      in      this      way. 


FlfiT.  10.    Formed  Cutter  for  MlUloff  Part  W 


Of  course,  form  milling  is  not  economical,  unless  the  number  of 
parts  wanted  is  sufficient  to  warrant  the  expense  of  the  formed  cutter. 
Another  form  milling  operation  is  shown  in  Fig.  15.  The  small  levers 
L  are  finished  on  the  edges  to  the  required  outline  by  cutter  C.  These 
levers  are  malleable  castings  and  they  are  held  in  a  vise  V  attached 


Machttierff 


Fiff.  17.    (A)  Straddle  Milling.    (B)  Oauff  MiUlnff 

to  the  table.    When  milling,  the  cutter  makes  50  R.  P.  M.   and  the 
feed  is  0.053  inch,  giving  a  table  travel  of  2.65  inches  per  minute. 

Straddle  and  Gang*  Milling 

When  it  is  necessary  to  mill  opposite  sides  of  duplicate  parts  so 
that  the  surfaces  will  be  parallel,  two  cutters  can  often  be  used 
simultaneously.  This  is  referred  to  as  straddle  milling.  The  two  cut- 
ters which  form  the  straddle  mill,  are  mounted  on  one  arbor,  as  shown 
at  A,   Fig.   17,   and   they   are   held   the   right  distance   apart   bygone 
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or  more  collars  and  washers.  Side  mills  which  have  teeth  on  the 
sides  as  well  as  on  the  periphery  (as  shown  at  C  and  D,  Fig.  8),  are 
used  for  work  of  this  kind.  Duplicate  pieces  can  be  milled  very 
accurately  by  this  method,  the  finished   surfaces  being  parallel  and 


Flff.  10.    FlDishlnff  End  of  Rooker-arm  with  Straddle  Mill 

to  a  given  width  within  close  limits.  If  the  proper  distance  between 
the  cutters  cannot  be  obtained  with  the  arbor  collars  available,  fine 
adjustments  are  made  by  using  metal  or  paper  washers.  When  con- 
siderable accuracy  is  necessary,   the   final   test  for  width  should   be 
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made  by  taking  a  trial  cut  and  measuring  the  finished  surface.  When 
the  teeth  on  one  side  of  each  mill  become  dull,  the  opposite  sides 
can  be  used  by  placing  the  right-hand  cutter  on  the  left-hand  side 
and  vice  versa;  that  is  by  exchanging  the  positions  of  the  mills  on 
the  arbor. 

Figs.  18  and  19  show  how  the  rocker-arm  of  a  crank-shaper  is 
finished  by  milling.  This  work  requires  two  operations,  one  of  which 
is  a  good  example  of  straddle  milling.  A  cylindrical  cutter  is  used 
to  mill  both  sides  of  the  central  slot,  as  shown  in  Fig.  18.  The  short 
slot  at  the  left  end  of  the  rocker-arm  is  also  milled  by  this  same 


Flff.  20.   Bxample  of  Ganff  Milliner 

cutter,  as  well  as  the  raised  pads  on  the  top  and  bottom  of  the  arm. 
This  cutter  is  2%  inches  in  diameter,  and  when  milling  the  long 
central  slot,  a  1/16  inch  cut  is  taken  at  the  top  and  bottom  with  a 
feed  of  ^  inches  per  minute.  The  second  operation  consists  in  mill- 
ing the  sides  of  the  slotted  end,  as  shown  in  Fig.  19.  Two  Si^-inch 
cutters  of  the  inserted-tooth  type,  are  used  to  form  a  straddle  mill, 
which  machines  both  sides  at  the  same  time.  The  time  required  for 
milling  each  arm  is  2^/4  hours.  The  casting  i^  held  In  a  special  two- 
part  fixture  w^hich  is  bolted  to  the  table.  That  section  of  the  fixture 
which  supports  the  right-hand  end,  has  V-shaped  notches  which  re- 
ceive a  trunnion  as  shown,  thus  setting  the  casting  vertically,  v.hereas 
the  left-hand  end  is  clamped  between  setscrews  that  are  adjusted  to 
locate  the  casting  horizontally.  After  this  fixture  is  once  set  up  and 
adjusted,  very  little  time  is  required  for  setting  one  of  these  rocker^ 
arms  in  position  for  milling,  but  it  would  be  rather  diflScult  to  hold 
a  casting  of  this  shape    by  the  use  of  ordinary  clamps. 
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A  great  deal  of  the  work  done  in  a  milling  machine  (especially 
of  the  plain  horizontal  type),  is  machined  by  a  combination  or  "gang*' 
of  two  or  more  cutters  mounted  on  one  arbor.  This  is  knowh  as 
gang  milling.  If  a  plain  cylindrical  cutter  were  placed  between  the 
side  mills  shown  at  A  in  Fig.  17,  a  gang  cutter  B  would  be  formed 
for  milling  the  five  surfaces  a,  6,  c,  d,  and  e,  simultaneously.  This 
would  not  only  be  a  rapid  method,  but  one  conducive  to  uniformity 
when  milling  duplicate  parts. 

An  example  of  gang  milling  is  shown  in  Fig.  20.  Four  castings 
are  clamped  to  a  fixture  and  are  machined  at  one  time  by  a  gang- 


Fig.  21.    MilUnff  Top  and  Sides  of  Casting  with  Oanff  MiU 

cutter  which  mills  the  top  edges  a,  the  inner  sides  &,  and  also  the 
top  surfaces  c  between  the  projecting  ends.  This  cutter  is  formed  of 
four  independent  units.  The  surfaces  c  are  milled  by  two  cutters 
of  the  same  size,  which  have  right-  and  left-hand  spiral  teeth,  as 
shown,  and  the  tops  a  of  the  end  flanges  are  finished  by  two  narrower 
cutters  of  smaller  diameter.  The  two  central  cutters  have  a  com- 
bined width  of  9%  inches  and  they  are  6  inches  in  diameter.  The 
speed  of  the  cutter  is  32  revolutions  per  minute  and  the  greatest  depth 
of  cut  about  3/16  inch. 

Another  gang  milling  operation  is  shown  in  Fig.  21.  The  cutter, 
in  this  case,  is  similar  to  the  one  illustrated  in  Fig.  20,  except  that 
large  side  mills  are  employed  for  finishing  the  sides  of  the  castings 
while  the  top  surfaces  are  being  milled.  These  side  mills  are  lOVi 
inches  in  diameter  and  have  inserted  teeth  or  blades.  The  speed 
of  a  gang-mill  which  is  composed   of  cutters  that  vary  considerably 
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in  diameter,  must  be  regulated  to  suit  the  largest  cutters.  In  this 
instance,  the  cutter  only  makes  21  revolutions  per  minute,  a  compara- 
tively slow  speed  being  necessary  owing  to  the  large  side  mills. 

Gang  milling  is  usually  employed  when  duplicate  pieces  are  milled 
in  large  quantities,  and  the  application  of  this  method  is  almost  un- 
limited. Obviously,  the  form  of  a  gang-cutter  and  the  number  of 
cutters  used,  depends  altogether  on  the  shape  of  the  part  to  be  milled. 
Gang-cutters  are  sometimes  made  by  combining  cylindrical  and  formed 
cutters,  for  producing  an  irregular  or  intricate  profile. 

Fig.  22  shows  an  example  of  gang  milling  in  which  two  eastings 
are  placed  side  by  side  and  rough  milled  simultaneously.    The  gang- 


Flff.  aa.    Mininff  Two  Parts  Simultaneously 

cutter  is  composed  of  seven  units,  as  the  illustration  shows.  The 
large  inserted-tooth  cutter  a  in  the  center  mills  the  Inner  sides  of 
each  casting,  while  the  top  surfaces  are  machined  by  the  four  cylin- 
drical cutters  shown.  The  cutters  b,  placed  between  the  cylindrical 
cutters,  mill  channels  or  grooves  which,  by  another  operation,  are 
formed  Into  T-slots.  All  of  these  cutters  are  made  of  high-speed  steel 
and  the  speed  is  36  revolutions  per  minute.  The  work  table  feeds 
0.112  inch  per  revolution,  thus  giving  a  travel  of  .4  Inches  per  minute. 
Two  of  these  castings  are  milled  in  18  minutes,  which  includes  the 
time  required  for  clamping  them  to  the  machine. 

It  shoula  be  noted  that  when  more  than  one  spiral  topthed  cylin- 
drical cutter  is  mounted  on  one  arbor,  for  forming  a  gang-mill, '  cutters 
having  both  right-  and  left-hand  spirals  are  used.  For  example 
the  central  part  of  the  cutter  shown  in  Fig.  20    is  composed  of  two 
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cutters  having  teeth  which  incline  in  opposite  directions;  that  is  the 
teeth  of  one  cutter  form  a  right-hand  spiral  and  the  teeth  of  the 
other  cutter,  a  left-hand  spiral.  The  reason  why  cutters  of  opposite 
hand  are  used,  is  to  equalize  the  end  thrust,  the  axial  pressure  caused 
by  the  angular  position  of  the  teeth  of  one  cutter  being  counteracted 
by  a  pressure  in  the  opposite  direction  from  the  other  cutter. 

Still  another  gang  milling  operation  is  shown  in  Fig.  23.  In  this 
instance,  the  top  surface  of  the  casting  is  milled  and  two  tongue- 
pieces  are  formed  by  the  central  gang  of  five  cutters,  which  are  of 
the  straight-tooth  type  and  vary  in  diameter  to  give  the  required 
outline.    The  large  angular  mills  at  the  ends   finish  the  sloping  sides 


Fiff.  28.    Another  Qanff  Millinir  Operation 

of  the  casting,  as  the  illustration  indicates.  The  speed  of  rotation  is 
33  revolutions  per  minute,  and  the  table  travel,  6%  inches  per  minute. 
The  feeding  movement  is  to  the  left  or  against  the  rotation  of  the 
cutters,  which  is  also  true  of  Figs.  20,  21  and  22. 

End  and  Face  Millinff 
All  of  the  milling  operations  referred  to  so  far  have  been  performed 
with  cutters  mounted  on  an  arbor,  the  latter  being  driven  by  the 
spindle  and  supported  by  an  out-board  bearing.  For  some  classes 
of  work,  the  cutter,  instead  of  being  placed  on  an  arbor,  is  attached 
directly  to  the  machine  spindle.  End  mills,  for  instance,  are  driven 
in  this  way,  as  previously  mentioned,  and  large  face  milling  cutters 
are  also  fastened  to  the  end  of  the  spindle.  Surfaces  are  frequently 
machined  by  end  mills,  when  using  a  horizontal  milling  machine, 
because  it  would  not  be  feasible  to  use  a  cutter  mounted  on  an  arbor. 
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Sketch  A,  Fig.  24,  illustrates  how  a  pad  or  raised  part  on  the  side 
of  a  casting  would  he  machined  hy  an  end  mill.  The  surface  is  milled 
hy  the  radial  teeth  on  the  end  as  well  as  hy  the  axial  teeth,  as  the 
work  is  traversed  at  right-angles  to  the  cutter.  Occasionally,  an  end 
mill  is  used  in  this  way,  after  the  top  surface  of  a  casting  has  heen 
milled  with  one  or  more  cutters  mounted  on  an  arbor,  in  order  to 
finish  the  work  at  one  setting,  which  not  only  saves  time,  hut  insures 
accuracy  of  alignment  between  the  finished  parte. 

Sketch  B  indicates  how  an  end  mill  is  used  for  cutting  grooves  in 
a  vertical  surface.  The  cutter  is  set  to  the  required  depth  by  moving 
the  table  inward,  and  then  the  longitudinal  feed  is  engaged,  which 
causes  a  groove  to  be  milled  equal  in  width  to  the  diameter  of  the 


FiflT.  24.    B&d  MilUnff— Diafframa  iUuatratlnir  use  of  T-slot  Onttar 

cutter.  As  mentioned  in  Chapter  III,  if  it  is  necessary  to  start  a 
groove  by  sinking  the  cutter  in  to  depth,  without  first  drilling  a  hole 
as  a  starting  place,  the  form  of  mill  shown  at  0,  Fig.  9,  is  prefer- 
able, as  the  radial  end-teeth  have  cutting  edges  on  the  inside  so  that 
they  can  more  readily  cut  a  path  from  the  starting  point,  when  the 
work  is  fed  laterally.  An  end  mill  should  not  be  used  for  cutting 
grooves  or  slots  if  a  regular  cutter  mounted  on  an  arbor  can  be 
employed. 

When  milling  T-slots  such  as  are  cut  in  the  tables  of  machine  tools 
for  receiving  clamping  bolts,  a  plain  slot  Is  first  milled  to  the  depth 
of  the  T-felot  as  shown  by  sketch  C,  Fig.  24.  This  preliminary  opera- 
tion is  usually  done  with  a  side  mill  of  the  proper  width,  while  the 
work  is  clamped  in  a  horizontal  position.  The  enlarged  or  T-section 
is  then  milled  as  shown  by  sketch  D.  the  casting  being  clamped  in  a 
vertical  position,  provided  a  horizontal  milling  machine  is  employed. 
The  T-slot  cutter  enlarges  the  bottom  of  the  straight  groove,  as  indi- 
cated at  E,  which  shows  the  finished  slot. 
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Fig.  25  shows  how  an  end  mill  is  used  for  cutting  an  elongated 
slot  in  a  link  L.  Prior  to  milling,  holes  are  drilled  at  each  end  of 
the  slot,  one  of  which  forms  a  starting  place  for  the  milling  cutter. 
The  link  is  held  in  a  vise  and  the  metal  hetween  the  two  holes  is 


'  Flar.  26.  BCilUnar  a  Dovetail  Oroove 

cut  away  to  form  the  slot,  by  feeding  the  table  lengthwise.  By  means 
of  the  automatic  stop,  the  feed  Is  disengaged  when  the  cutter  has 
reached  the  end  of  the  slot.  The  shank  of  the  end  mill  is  not  inserted 
directly  into  the  spindle  of  the  machine,  but  into  a  reducing  collet  C. 
This  collet  fits  into  the  taper  hole  of  the  spindle  and  is  bored  out  to 
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receive  the  end  mill,  the  shank  of  which  is  too  small  to  be  placed 
directly  in  the  spindle. 

One  method  of  machining  a  dovetail  groove  for  a  slide  is  shown 
in  Fig.  26,  which  illustrates-  another  end  milling  operation.  The 
cutter  used  for  this  work  has  radial  teeth  on  the  end,  and  also 
angular  teeth  which  incline  30  degrees  with  the  axis  of  the  cutter. 
The  radial  end  teeth  mill  the  bottom  or  flat  surface  of  the  groove 
and  the  angular  teeth  finish  the  sides  and  form  the  dovetail.  The 
way  the  casting  is  clamped  to  the  table  is  plainly  shown  by  the  illus- 
tration. The  cutter  is  mounted  on  an  arbor  which  is  inserted  in  the 
spindle. 


Wig.  27.    FiniahiD«r  Vertical  Surface  with  Face  MIU 

An  end  milling  operation  is  shown  in  Fig.  27,  which  differs  from 
those  previously  referred  to,  in  that  a  large  face  cutter  is  used,  which, 
in  this  instance,  is  screwed  onto  the  end  of  the  spindle.  Large  face 
mills  are  employed  on  horizontal  machines  for  milling  flat  surfaces 
that  lie  in  a  vertical  plane.  Some  cutters  of  this  type,  instead  of 
being  threaded  directly  to  the  spindle,  are  mounted  on  a  short  arbor, 
whereas  other  designs  fit  over  interchangeable  sleeves  threaded  to  the 
spindle.  The  casting  illustrated  in  Fig.  27  is  clamped  against  an  angle- 
plate  to  hold  it  securely,  and  a  strap  at  the  rear  prevents  it  from 
shifting  backward  when  a  cut  is  being  taken.  The  surface  is  milled 
by  feeding  the  table  longitudinally,  and  only  one  cut  is  necessary,  as 
the  work  is  finished  afterward  by  a  surface  grinder.  The  number  of 
cuts  required,  when  milling,  is  governed  by  the  amount  of  metal  to 
be  removed  and  also  by  the  accuracy  of  the  work,  as  well  as  the 
quality  of  finish  desired. 
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.    UNIVBRSAL  MILLING  MACHINB 

The  milling  machine  illustrated  in  Fig.  28  is  referred  to  as  a 
universal  type,  hecause  it  is  adapted  to  such  a  wide  variety  of  milling 
operations.  The  general  construction  is  similar  to  that  of  a  plain 
milling  machine,  although  the  universal  type  has  certain  adjustments 
and  attachments  which  make  it  possible  to  mill  a  greater  variety  of 
work.  On  the  other  hand,  the  plain  machine  is  more  simple,  and, 
for  a  given  size,  more  rigid  in  construction;  hence,  it  is  better 
adapted  for  milling  large  numbers  of  duplicate  parts  in  connection 
with  manufacturing  operations. 

The  universal  machine  has  a  column  C,  a  knee  K  which  can  be 
moved  vertically  on  the  column,  and  a  table  with  cross  and  longi- 
tudinal adjustments  the  same  as  a  machine  of  the  plain  type.  There 
is  a  difference,  however,  in  the  method  of  mounting  the  table  on  the 
knee.  As  explained  in  Chapter  I,  the  table  of  a  plain  machine  is 
carried  by  a  saddle  Z  (see  Fig.  2),  which  is  free  to  move  in  a  cross- 
wise direction,  whereas,  the  tablet's  line  of  motion  is  at  right  angles 
to  the  spindle.  The  table  of  a  universal  machine  also  has  these 
movements,  and,  in  adddtion,  it  can  be  fed  at  an  angle  to  the  spindle 
by  swiveling  saddle  Z,  Fig.  28,  on  clamp-bed  B,  which  is  interposed 
between  the  saddle  and  knee.  The  circular  base  of  the  saddle  has 
degree  graduations  which  show  the  angle  at  which  the  table  is  set. 
When  the  zero  mark  of  these  graduations  coincides  with  the  zero 
mark  on  the  clamp-bed,  the  table  is  at  right  angles  to  the  spindle. 
The  saddle  is  held  rigidly  to  the  clamp-bed,  in  whatever  position  it 
may  be  set,  by  bolts  which  must  be  loosened  before  making  an  ad- 
justment. The  utility  of  this  angular  adjustment  will  be  explained 
later  in  connection  with  examples  of  universal  milling  operations. 

The  feed  motion  is  derived  from  the  main  spindle,  which  is  con- 
nected with  the  feed  change  mechanism  enclosed  at  F  by  a  chain 
and  sprockets  located  inside  of  the  column.  The  power  is  transmitted 
from  F  to  gear-case  A  containing  the  reverse  mechanism  operated  by 
lever  R,  which  serves  to  start,  stop,  or  reverse  all  feeds.  Levers  T 
and  V  control  the  automatic  transverse  and  vertical  feeds,  respectively, 
and  the  longitudinal  feed  to  the  table  is  controlled  or  reversed  by 
lever  L.  The  longitudinal  feed  Is  automatically  tripped  by  the  adjust- 
able dogs  or  tappets  D.  The  vertical  feed  also  has  an  automatic  trip 
mechanism  operated  by  dogs  D,.  The  table  can  be  traversed  by 
handles  at  each  end  and  the  cross  movement  is  effected  by  wheel  E. 
The  vertical  hand  adjustment  for  the  knee  is  controlled  by  hand- 
wheel  G,  which  operates  a  telescopic  elevating  screw  H,  Adjustable 
dials,  graduated  to  thousandths  of  an  inch,  indicate  the  longitudinal, 
traverse  and  vertical  movements  of  the  table.    The  spindle  on   this 
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machine  is  driven  by  pulley  P.  Speed  changes  are  obtained  by  shift- 
ing levers  0,  Q  and  8,  and  the  speed  obtained  for  any  position  of 
the  levers  is  shown  by  a  table  or  plate  attached  to  the  column.  The 
machine  is  started  or  stopped  by  lever  V  which  operates  a  clutch 
that  engages  or  disengages  belt  pulley  P.  There  is  an  outboard  sup- 
port for  the  arbors,  having  a  bronzed-bush  bearing  and  also  an  ad- 


Fl(r.  as.    Brown  Ss,  tSbarpe  Unlveraal  Milling  Machine 

justable  center  (similar  to  a  lathe  center),  which  is  inserted  in  the 
centered  end  of  the  arbor  when  in  use.  The  overhanging  arm  is  rigidly 
clamped  in  any  position  by  lever  I,  and  it  can  be  pushed  back  out 
of  the  way  when  the  arbor  support  is  not  needed.  The  arm  braces  / 
are  attached  to  a  clamp  fastened  to  the  top  of  the  knee. 

Indexing  or  Spiral  Head 
We  have  now  considered,  in  a  general  way,  the  principal  features 
of  a   universal  machine,   so   far  as   the   machine  itself   is   concerned, 
but  before  referring  to  its  practical  application,  the  construction  and 
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use  of  the  attachment  seen  at  N  should  be  explained.  This  attach- 
ment is  called  the  spiral  or  indexing  head  and  it  forms  a  part  of  the 
equipment  of  all  milling  machines  of  the  universal  type.  The  spiral 
head,  when  in  use,  is  bolted  to  the  table  of  the  machine.  It  is  em- 
ployed in  connection  with  the  foot-stock  If,  when  milling  work  that 
must  be  supported  between  the  centers.  The  spiral  head  is  also  used 
independently,  that  is,  without  the  foot-stock,  in  which  case  the  work 
is  usually  held  in  a  chuck  attached  to  the  spindle.  By  means  of  the 
spiral  head,  the  circumference  of  a  cylindrical  part  can  be  divided 
into  almost  any  number  of  equal  spaces,  as,  for  example,  when  it  Is 
necessary  to  cut  a  certain  number  of  teeth  in  a  gear.  It  is  also  used 
for  imparting  a  rotary  motion  to  work.  In  addition  to  the  longitudinal 
feeding  movement  of  the  table,  for  milling  helical  or  spiral  grrooves. 

As  a  great  deal  of  the  work  done  in  a  universal  milling  machine 
requires  a  spiral  head,  its  construction  and  operation  should  be  thor- 
oughly understood.  The  general  arrangement  of  the  design  used  on 
Brown  &  Sharpe  machines  is  shown  in  Fig.  29.  The  main  spindle  8 
has  attached  to  it  a  worm-gear  B  (see  the  cross-sectional  view)  which 
meshes  with  the  worm  A  on  shaft  0,  and  the  outer  end  of  this  shaft 
carries  a  crank  J  which  is  used  for  rotating  the  spindle  when  index- 
ing. Worm-wheel  B  has  forty  teeth  and  a  single-threaded  worm  A 
is  used,  so  that  forty  turns  of  the  crank  are  required  to  turn  spindle 
8  one  complete  revolution;  hence,  the  required  number  of  turns  to 
index  a  fractional  part  of  a  revolution  is  found  by  simply  dividing 
forty  by  the  number  of  divisions  desired.  (As  there  are  different 
methods  of  indexing,  this  subject  Is  referred  to  separately  to  avoid 
confusion).  In  order  to  turn  crank  J  a  definite  amount,  a  plate  1 
is  used,  having  several  concentric  rows  of  holes  that  are  spaced  equi- 
distant in  each  separate  row.  When  indexing,  spring-plunger  P  is 
withdrawn  by  pulling  out  knob  J  and  the  crank  is  rotated  as  many 
holes  as  may  be  required.  The  number  of  holes  in  each  circle  of  the 
index  plate  varies,  and  the  plunger  is  set  in  line  with  any  circle  by 
adjusting  the  crank  radially.  One  index  plate  can  be  replaced  by 
another  having  a  different  series  of  holes,  when  this  is  necessary  in 
order  to  obtain  a  certain  division. 

Sometimes  it  is  desirable  to  rotate  the  spindle  S  independently  of 
crank  J  and  the  worm  gearing;  then  worm  A  is  disengaged  from 
worm-wheel  B,  This  disengagement  is  effected  by  turning  knob  E 
about  one-quarter  of  a  revolution  in  a  reverse  direction  to  that  indi- 
cated by  the  arrow  stamped  on  it,  thus  loosening  nut  O  which  holds 
eccentric  bushing  H.  Both  knobs  E  and  F  are  then  turned  at  the 
same  time,  which  rotates  bushing  H  and  throws  worm  A  out  of  mesh. 
The  worm  is  re-engaged  by  turning  knobs  E  and  F  in  the  direction 
of  the  arrow;  knob  E  should  then  be  tightened  with  a  pin  wrench. 
The  worm  is  disengaged  in  this  way  when  it  is  desired  to  index 
rapidly  by  hand,  and  when  the  number  of  divisions  required  can  be 
obtained  by  using  plate  C.  This  plate  is  attached  to  the  spindle  and 
contains  a  circle  of  holes  which  are  engaged  by  pin  D,  operated  by 
lever  D^  (see  cross-section).     This  direct  method  of  indexing  can  often 
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be  employed  to  advantage  when  milling  flutes,  reamers,  taps,  etc., 
but,  as  only  a  limited  number  of  divisions  can  be  obtained  by  this 
method,  it  is  necessary  to  use  crank  J  and  index  plate  /  for  most 
of  the  work  requiring  indexing. 

When  the  spiral  head  is  used  in  connection  with  the  milling  of 
helical  grooves  (which  are  commonly  but  erroneously  called  spiral 
grooves),   the  main  spindle  S  is  rotated  slowly  by  change  gears   as 


Fiff.  29.    Spiral  Head  \ised  for  Spiral  Millinff  and  Indexlnir 

the  work  feeds  past  the  cutter.  These  change  gears  transmit  motion 
from  the  table  feed-screw  L  to  shaft  W,  which,  in  turn,  drives  spindle 
8  through  spiral  gears,  spur  gears  and  the  worm-gearing  A  and  B. 
The  method  of  determining  what  size  gears  to  use  for  milling  a  helix 
of  given  lead  is  explained  in  Part  II  of  this  treatise. 

There  is  one  other  feature  of  the  spiral  head  which  should  be 
referred  to,  and  that  is  the  angular  adjustment  of  the  main  spindle. 
It  is  necessary  for  some  classes  of  taper  work  to  set  the  spindle 
at  an  angle  with  the  table,  and  this  adjustment  is  made  by  loosening 
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bolts  K  and  turning  the  circular  body  T  in  its  base.  The  angle  to 
which  the  head  is  set,  is  shown  by  graduations  reading  to  V^  a  degree. 
The  spindle  of  this  particular  head  can  be  set  to  any  angle  between 
10  degrees  below  the  horiontal  and  5  degrees  beyond  the  perpen- 
dicular. This  adjustment  is  needed  when  milling  taper  work  which 
must  be  set  at  an  angle  with  the  table. 

The  footstock  M,  which  is  used  in  connection  with  the  spiral  head 
when  milling  parts  that  are  supported  between  centers,  is  also  ad- 
justable so  that  the  centers  c  and  Cx  can  be  aligned  when  milling 
flutes  in  taper  reamers,  etc.  The  foot  stock  center  is  set  In  line  with 
center  c,  when  the  latter  is  in  a  horizontal  position,  by  two  taper  pins 
on  the  rear  side.  When  it  is  desired  to  set  the  center  at  an  angle, 
these  pins  are  removed  and  the  nuts  shown  are  loosened;  the  center 
can  then  be  elevated  or  depressed  by  turning  a  nut  at  the  rear,  which 
moves  the  center  through  a  rack  and  pinion. 

Work  mounted  between  the  centers  is  caused  to  rotate  with  the 
spindle,  either  when  indexing  or  when  cutting  helical  grooves,  by  a 
dog  which  engages  driver  plate  d.  The  tail  of  the  dog  should  be 
confined  by  a  set-screw  e,  to  prevent  any  rocking  movement  of  the 
work. 

Spiral  heads  of  different  makes  vary  more  or  less  in  their  arrange- 
ment, which  is  also  true  of  milling  machines,  or,  in  fact,  of  any  other 
kinds  of  machine  tools.  Machines  or  attachments  of  ^  given  type, 
however,  usually  have  the  same  general  features,  and  if  one  or  two 
typical  designs  are  understood,  it  is  comparatively  easy  to  become 
familiar  with  other  makes.  Of  course,  the  operator  of  any  machine 
tool  should  be  acquainted  with  its  general  construction,  but  it  is  even 
more  important  to  have  a  clear  understanding  of  its  appplication  to 
various  kinds  of  work. 
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USB  OF  THE  SPIRAIi  HEAD -SIMPLE  INDEXING 

The  spiral  head  is  ordinarily  used  for  such  work  as  milling  the 
teeth  in  milling  cutters,  fluting  reamers  and  taps,  cutting  teeth  in 
small  gears,  or  for  holding  any  part  which  must  be  rotated  either 
at  the  time  it  is  being  milled  or  between  successive  cuts.  As  an 
example  of  the  work  that  requires  indexing  between  successive  cuts, 
suppose  we  have  a  cylindrical  milling  cutter  blank  which  requires  18 
equally-spaced  teeth  to  be  cut  across  the  circumference  parallel  to 
the  axis  and  with  the  front  face  of  each  tooth  on  a  radial  line.  The 
first  step  would  be  to  press  the  blank  on  an  arbor,  assuming  that  it 
has  previously  been  bored  and  turned  to  the  proper  diameter.  The 
arbor  and  work  is  then  placed  between  the  centers  of  the  spiral  head 
and  footstock,  as  shown  in  Fig.  30.  After  attaching  a  dog  to  the  left- 
hand  end,  set-screw  e  is  set  against  the  dog  to  take  up  any  play  be- 
tween these  parts,  and  the  footstock  center  is  adjusted  rather  tightly 
into  the  center  of  the  arbor  to  hold  the  latter  securely. 

The  form  of  cutter  to  use  is  the  next  thing  to  consider.  As  the 
grooves  which  form  the  teeth  are  angular,  the  cutter  must  have  teeth 
which  incline  to  the  axis  a  corresponding  amount.  A  cutter  of  this 
type  which  is  largely  used  for  milling  straight  teeth,  is  shown  at  E 
in  Fig.  10.  The  cutting  edges  (in  this  instance)  have  an  inclination 
of  60  degrees  with  the  side,  and  the  cutter  is  known  as  a  60-degree, 
single-angle  cutter,  to  distinguish  it  from  the  double-angle  type,  the 
use  of  which  will  be  mentioned  later.  After  the  cutter  is  mounted 
on  an  arbor  &,  as  indicated  in  Fig.  30,  the  straight  side  or  vertical 
face  is  set  in  line  with  the  center  of  the  arbor  as  shown  by  the  de- 
tail end-view  A.  There  are  several  ways  of  doing  this:  A  simple 
method  is  to  draw  a  horizontal  line  across  the  end  of  the  blank  with 
an  ordinary  surface  gage  (the  pointer  of  which  should  be  set  to  the 
height  of  the  spiral  head  center)  and  then  rotate  the  work  one- 
quarter  of  a  revolution  to  place  the  line  in  a  vertical  position,  after 
which  the  side  of  the  cutter  is  set  to  coincide  with  this  line.  The 
side  of  the  cutter  can  also  be  set  directly  by  the  centers.  The  table 
is  first  adjusted  vertically  and  horizontally  until  the  cutter  is  op- 
posite the  spiral  head  center.  A  scale  or  straightedge  held  against 
the  side  of  the  cutter  is  then  aligned  with  the  point  of  the  center, 
by  shifting  the  table  laterally. 

The  next  step  is  to  set  the  cutter  to  the  right  depth  for  milling 
the  grooves.  The  depth  is  regulated  according  to  the  width  which 
the  tooth  must  have  at  the  top.  this  width  being  known  as  the  land. 
The  usual  method  is  to  raise  the  knee,  table  and  blank  far  enough 
to  take  a  cut,  which  is  known  to  be  somewhat  less  than  the  required 
depth.    The  blank  is  then  indexed  or  turned  1/18  of  a  revolution  (as 
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there  are  to  be  18  teeth)  In  the  direction  shown  by  arrow  a,  and  a 
second  groove  is  started  as  at  B.  Before  taking  this  cut,  the  blank 
is  raised  until  the  required  width  of  land  is  obtained.  The  second, 
groove  is  then  milled,  after  which  the  blank  is  again  indexed  1/18 
of  a  revolution,  thus  locating  it  as  at  C.  Thig  operation  of  cutting  a 
groove  and  indexing  is  repeated,  without  disturbing  the  position  of 
the  cutter,  until  all  the  teeth  are  formed  as  shown  at  D. 

Plain  or  Simple  Indezin? 

The  dividing  of  a  cylindrical  part  into  an  equal  number  of  divisions 
by  using  the  spiral  head,  is  called   indexing.    The  work  is  rotated 


ttachinery 


Fiff.  80.    Views  lUustratlnir  use  of  Spiral  Head  for  Indexlnff 

whatever  part  of  a  revolution  is  required,  by  turning  crank  /.  As 
previously  explained,  the  shaft  carrying  this  crank  has  a  worm  which 
meshes  with  a  worm-wheel  on  the  spiral-head  spindle.  As  the  worm 
is  single-threaded,  and  as  there  are  40  teeth  in  the  worm-wheel,  40 
turns  of  the  crank  are  necessary  to  rotate  the  spindle  one  complete 
revolution.  If  only  a  half  revolution  were  wanted,  the  number  of 
turns  would  equal  40  -^  2,  or  20,  and  for  1/12  of  a  revolution,  the 
turns  would  equal  40  -^  12,  or  3-1/3,  and  so  on.  In  each  case,  the 
number  of  turns  the  index  crank  must  make,  is  obtained  by  dividing 
the  number  of  turns  required  for   one   revolution   of  the   index-head 
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spindle,  by  the  number  of  divisions  wanted.  As  the  number  of  turns 
for  one  revolution  is  always  40,  the  rule  then  is  as  follows:  Divide 
40  by  the  number  of  divisions  into  which  the  periphery  of  the  work 
is  to  be  divided,  to  obtain  the  number  of  turns  for  the  index  crank. 

By  applying  this  rule  to  the  job  illustrated  in  Fig.  30,  we  find  that 
the  crank  J  must  be  turned  2-2/9  times  to  index  the  cutter  from  one 
tooth  to  the  next,  because  there  are  18  teeth,  or  divisions,  and  40-4-18 
=  a-2/9.  The  next  question  that  naturally  arises  is,  how  is  the 
crank  to  be  rotated  exactly  2/9  of  a  turn?  This  is  done  by  means  of 
the  index  plate  /.  which  has  six  concentric  circles  of  holes.  These 
holes  have  been  omitted  in  this  illustration  owing  to  its  reduced 
scale,  but  are  shown  in  the  detail  view.  Fig.  31.  The  number  of 
holes  in  the  different  circles  of  this  particular  plate  are  33,  31,  29, 
27,  23,  and  21.  Now,  in  order  to  turn  crank  J  2/9  of  a  revolution, 
it  is  first  necessary  to  adjust  the  crank  radially  until  the  latch-pin 
is  opposite  a  circle  having  a  number  of  holes  exactly  divisible  by  the 
denominator  of  the  fraction  (when  reduced  to  its  lowest  terms)  repre- 
senting the  part  of  a  turn  required.  As  the  denominator  of  the  frac- 
tion in  this  case  is  9,  there  is  only  one  circle  on  this  plate  that 
can  be  used,  namely,  the  27-hole  circle.  In  case  none  of  the  circles 
have  a  number  which  is  exactly  divisible  by  the  denominator  of  the 
fractional  turn  required,  the  index  plate  is  replaced  by  another  hav- 
ing a  different  series  of  holes.  The  number  of  holes  that  the  latch- 
pin  would  have  to  move  for  2/9  of  a  turn  equals  27  X  2/9,  or  6  holes. 
After  the  latch-pin  is  adjusted  to  the  27-hole  circle,  the  indexing  of 
the  cutter  1/18  of  a  revolution  is  accomplished  by  pulling  out  the 
latch-pin  and  turning  the  crank  2  complete  turns,  and  then  2/9  of 
a  turn,  or  what  is  the  same  thing,  6  holes  in  a  27-hole  circle.  After 
each  tooth  groove  is  milled  in  the  cutter,  this  indexing  operation  is 
repeated,  the  latch-pin  being  moved  each  time  2-2/9  of  a  turn  from 
the  position  it  last  occupied,  until  the  work  has  been  indexed  one 
complete  revolution  and  all  the  teeth  are  milled. 

Use  of  the  Sector 

After  withdrawing  the  latch-pin,  one  miglft  easily  forget  which  hole 
it  occupied,  or  become  confused  when  counting  the  number  of  holes 
for  the  fractional  turn,  and  to  avoid  mistakes  of  this  kind,  as  well 
as  to  make  it  unnecessary  to  count,  a  device  called  a  sector  is  used. 
The  sector  has  two  radial  arms  A  and  B  (Fig.  31),  which  have  an 
independent  angular  adjustment  for  varying  the  distance  between 
them.  The  sector  is  used  by  so  adjusting  these  arms  that  when  the 
latch-pin  is  moved  from  one  to  the  other,  it  will  traverse  the  re- 
quired number  of  holes  for  whatever  fractional  turn  is  necessary. 
Arm  A  is  first  set  against  the  left  side  of  the  latch-pin,  and  then 
arm  B  is  shifted  to  the  right  until  there  are  6  holes  between  It  and 
the  latch-pin,  as  shown  In  the  illustration.  When  indexing,  the  latch- 
pin  is  withdrawn  from  hole  a  and  the  crank  is  first  given  two  com- 
plete turns  and  then  2/9  of  a  turn  by  moving  the  crank  until  the 
latch-pin   enters   hole   b  adjacent  to   the  arm   B   of   the  sector.    The 
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sector  is  then  revolved  until  arm  A  again  rests  against  the  pin,  as 
shown  by  the  dotted  lines.  After  the  next  groove  is  milled,  the  crank 
is  turned  two  complete  revolutions  as  before,  with  hole  &  as  a  start- 
ing point,  and  then  2/9  of  a  revolution,  by  swinging  the  latch-pin 
around  to  arm  B  and  into  engagement  with  hole  c.  This  operation  of 
indexing  and  then  moving  the  sector  is  repeated  after  each  tooth 
is  milled,  until  the  work  has  made  one  complete  revolution. 

When  setting  the  sector  arms,  the  hole  occupied  by  the  latch-pln 
should  not  be  counted  or,  in  other  words,  the  arms  should  span  one 


Flff.  81.    Diairr&m  Bhowimr  bow  Sector  is  used  when  Indexing 

more  noie  man  the  number  needed  to  give  the  required  fractional 
turn.  In  the  example  referred  to,  6  holes  in  the  27-hole  circle  are 
required,  but  the  sector  arms  are  adjusted  to  span  7  holes  or  6 
spaces,  as  shown  in  the  illustration.  The  two  arms  are  locked  in 
any  position  by  tightening  the  small  screw  s.  The  sectors  now  ap- 
plied to  spiral  heads  made  by  the  Brown  &  Sharpe  Mfg.  Co.,  have 
graduations  which  make  it  unnecessary  to  count  the  holes  when  ad- 
justing the  sector  arms.  The  setting  is  taken  directly  from  the  index 
table  accompanying  the  machine,  the  sector  being  adjusted  to  what- 
ever nupaber  is  given  in  the  column  headed  "Graduation." 

In   actual   practice,   the  number   of   turns   of   the   index   crank   for 
obtaining    different   divisions,    is    determined    by    referring    to    index  * 
tables.     These  tables  give  the  numbers   of  divisions  and  show  what 
circle  of  holes  in  the  index  plate  should  be  used,  and  also  the  turns 
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or  fractional  part  of  a  turn  (when  less  than  one  revolution  is  neces- 
sary) for  the  index  crank.  The  fractional  part  of  a  turn  is  usually 
given  as  a  fraction  having  a  denominator  which  equals  the  number 
of  holes  in  the  index  circle  to  be  used,  whereas  the  numerator  denotes 
the  number  of  holes  the  latch-pin  should  be  moved,  in  addition  to 
the  complete  revolutions,  if  one  or  more  whole  turns  are  required. 
For  example:  the  movement  for  indexing  24  divisions  would  be  given 
as  1-26/39  of  a  turn,  instead  of  1-2/3,  the  denominator  39  represent- 
ing the  number  of  holes  in  the  index  circle,  and  26  the  number  of 
holes  that  the  crank  must  be  moved  for  obtaining  2/3  of  a  revolution, 
after  making  one  complete  turn. 

Indexing:  for  Angrlea 

Sometimes   it   is   desirable   to   index   a  certain   number   of   degrees 

instead  of  a  fractional  part  of  a  revolution.    As  there  are  360  degrees 

in  a   circle  and   40  turns   of  the   index   crank   are   required   for  one 

revolution    of   the   spiral-head   spindle,   one  turn   of   the   crank   must 

360 

equal  =  9  degrees.     Therefore,  two  holes  in  an  18-hold  circle,  or 

40 
three  holes  in  a  27-hole  circle,  is  equivalent  to  a  one-degree  movement, 
as  this  is  1/9  of  a  turn.  If  we  want  to  index  35  degrees,  the  number 
of  turns  the  crank  must  make  equals  35  -^  9  =  3-8/9,  or  three  complete 
turns  and  8  degrees.  As  a  movement  of  two  holes  in  an  18-hole  circle 
equals  one  degree,  a  movement  of  16  holes  is  required  for  8  degrees. 
If  we  want  to  index  11 V^  degrees,  the  one-half  degree  movement  is 
obtained  by  turning  the  crank  one  hole  in  the  18-hole  circle,  after 
the  11  degrees  have  been  indexed  by  making  one  complete  revolution 
(9  degrees),  and  four  holes  (2  degrees).  Similarly,  one  and  one-third 
degree  can  be  indexed  by  using  the  27-hole  circle,  three  holes  being 
required  to  index  one  degree,  and  one  hole,  one-third  degree. 

When  it  is  necessary  to  index  to  minutes,  the  required  movement 
can  be  determined  by  dividing  the  total  number  of  minutes  repre- 
sented by  one  turn  of  the  index  crank  or  540  (9  X  60  =  540),  by  the 
number  of  minutes  to  be  indexed.  For  example,  to  index  16  minutes 
requires  approximately  1/34  turn  (540^-16  =  34,  nearly),  or  a  move- 
ment of  one  hole  in  a  34-hole  circle.  As  the  33-hole  circle  is  the 
one  nearest  to  34,  this  could  be  used  and  the  error  would  be  very- 
small. 

The  following  is  a  general  rule  for  the  approximate  indexing  of 
angles,  assuming  that  forty  revolutions  of  the  index  crank  are  re- 
quired for  one  turn  of  the  spiral-head  spindle: 

Divide  540  by  the  number  of  minutes  to  be  indexed.  If  the  quotient 
is  nearly  equal  to  the  number  of  holes  in  any  index  circle  available, 
the  angular  movement  is  obtained  by  turning  the  crank  one.  hole  in 
this  circle;  but,  if  the  quotient  is  not  approximately  equal,  multiply 
'it  by  any  trial  number  which  will  give  a  product  equal  to  the  num- 
ber of  holes  in  one  of  the  index  circles,  and  move  the  crank  in  the 
circle  as  many  holes  as  are  represented  by  the  trial  number. 
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If  the  quotient  of  540  divided  by  the  number  of  minutes  to  be 
indexed,  is  greater  than  the  largest  indexing  circle,  it  is  not  possible 
to  obtain  the  movement  by  the  ordinary  method  of  simple  indexing. 

Use  of  Chuck  on  the  Spiral  Head 

It  is  often  necessary  to  use  a  spiral  head  in  connection  with  milling 
of  parts  which  cannot  be  held  between  centers  and  must  be  attached 
directly  to  the  spiral  head  spindle.  A  common  method  of  holding 
work  of  this  kind  is  to  place  it  in  a  chuck  which  is  screwed  onto 
the  spiral  head  spindle.  An  example  of  chuck  work  is  shown  in 
Fig.  32.  The  operation  is  that  of  milling  a  square  head  on  bolt  B. 
As  the  illustration  shows,  the  spiral  head  spindle  is  set  in  a  vertical 
position.  This  is  done  by  loosening  the  clamp  bolts  C  and  turning 
the  head  90  degrees,  as  shown  by  the  graduations  on  the  front  %lde. 


HH^B^^^ 

'•^^ — -/inv":»« 

Flir.  82.    straddle  MlUinir  ck  Square  Bolt-head 

These  clamp  bolts  should  be  tightened  after  the  adjustment  is  made. 
The  bolt  is  held  in  a  three-jawed  chuck  and  the  body  of  the  bolt  ex- 
tends into  the  hollow  spindle  of  the  spiral  head.  The  square  bolt 
head  Is  machined  to  the  required  width  by  a  straddle  mill.  One 
passage  of  this  mill  finishes  two  sides  and  then  the  spiral  head 
spindle  is  indexed  U  of  a  turn  for  milling  the  remaining  sides. 
This  indexing  is  done  by  using  plate  A  which  is  attached  directly 
to  the  spindle.  The  latch-pin  engaging  this  plate  Is  withdrawn  by 
lever  D  and  then  the  spindle  and  chuck  are  turned  Vi  of  a  revolution, 
after  which  the  latch-pln  Is  again  moved  Into  engagement.  This 
direct  method  of  Indexing  requires  little  time  and  is  used  for  simple 
operations  of  this  kind,  whenever  the  required  movement  can  be 
obtained. 
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There  is  quite  a  variety  of  work  which  is  milled  either  while  held 
in  a  chuck  or  on  some  form  of  arbor  inserted  in  the  spiral  head 
spindle.  Whether  a  chuck  or  arbor  is  used,  depends  on  the  shape  of 
the  work,  and,  in  some  instances,  on  the  nature  of  the  milling  opera- 
tion. Chucks  are  frequently  employed  for  holding  cylindrical  parts 
that  are  too  long  to  go  between  the  centers,  but  are  small  enough 
to  pass  through  the  hole  in  the  spiral  head  spindle.    The  foot-stock 


Flir.  83.     Vertical  Attachment  applied  to  a  Horizontal  MiUinff  Machine 

center  is  used  to  support  work  of  this  class  whenever  feasible.  When 
it  is  necessary  to  hold  a  part  true  with  a  bored  hole,  arbors  of  the 
expanding  type  are  often  used.  These  have  a  taper  shank  which 
fits  the  taper  hole  in  the  spindle,  and  the  outer  end  is  so  arranged 
that  it  can  be  expanded  tightly  into  the  hole  in  the  work.  Small 
chucks  of  the  collet  type  are  sometimes  used  for  holding  small  parts, 
instead  of  a  jaw  chuck. 


Digitized  by  CjOOQ IC 


CHAPTER  VII 


ATTACHMENTS  FOR  THE  MHiLING  MACHINE 

The  range  of  a  milling  machine  or  the  variety  of  work  it  is  capable 
of  doing,  can  be  greatly  extended  by  the  use  of  special  attachments. 
Many  of  these  are  designed  to  enable  a  certain  type  of  milling  ma- 
chine to  perform  operations  that  ordinarily  would  be  done  on  a 
different  machine;  in  other  words,  the  attachment  temporarily  con- 
verts one  type  of  machine  into  another.     There  are  quite  a  number 


Fiff.  84.    Slotting  Att»ohment  applied  to  a  MilUnff  Machine 

of  different  attachments  for  the  milling  machine,  some  of  which  are 
rarely  used  in  the  average  shop.  There  are,  however,  three  types 
that  are  quite  common;  namely,  the  vertical  spindle  milling  attach- 
ment; the  slotting  attachment;  and  the  circular  milling  and  dividing 
attachment. 

Vertical  Mllllnflr  Attachment 

The  way  a  vertical  spindle  milling  attachment  is  applied  to  a 
horizontal  milling  machine  is  shown  in  Fig.  33.  The  base  of  the 
attachment  is  securely  clamped  to  the  column  of  the  machine  by  four 


Digitized  by  CjOOQ iC 


42 


No.  9&^MACH1NE  TOOL  OPERATION 


bolts  and  the  outer  end  is  inserted  in  the  regular  arbor  support.  The 
spindle  is  driven  through  bevel  gears  connecting  with  a  horizontal 
shaft  inserted  in  the  main  spindle  of  the  machine.  The  spindle  of 
this  particular  attachment  can  be  set  at  any  angle  in  a  vertical  or 
horizontal  plane,  and  its  position  is  shown  by  graduations  reading  to 
degrees.  For  the  operation  illustrated,  which  is  that  of  milling  the 
edge  of  the  steel  block  shown,  the  spindle  is  set  at  an  angle  of  45 
degrees  from  the  vertical.  The  block  is  held  in  an  ordinary  vise  and 
it  is  fed  past  the  cutter  by  using  the  cross  feed.    The  opposite  edge 


Flir.  35.    Slottinff  AttAohment  finishlnflr  Square  Bole  in  Lonff  Bod 
held  in  Spiral  Head 

is  milled  by  simply  swinging  the  spindle  45  degrees  to  the  right  of 
the  vertical.  Vertical  attachments  are  used  in  connection  with  hori- 
zontal machines  whenever  it  is  desirable  to  have  the  cutter  in  a 
vertical  or  angular  position.  There  are  several  different  types  designed 
for  different  classes  of  work.  The  style  shown  in  the  illustration  is 
referred  to  as  a  universal  attachment  because  of  its  two-way  adjust- 
ment, and  it  can  be  used  for  a  variety  of  purposes,  such  as  drilling,, 
milling  angular  slots  or  surfaces,  cutting  racks,  milling  keyseats,  etc. 

SlottlnflT  Attachment 
The  slotting  attachment,  as  its  name  implies,  is  used  for  convert- 
ing a  milling  machine  into  a  slotter.     The  base  B  is  clamped  to  the 
column  of  the  machine  as  shown  in  Fig.  34.    The  tool  slide  S,  which 


Digitized  by  CjOOQ iC 


MILLING  MACHINE  ATTACHMENTS  43 

has  a  reciprocating  movement  like  the  ram  of  a  Blotter,  Ib  driven 
from  the  main  spindle  of  the  machine  by  an  adjustable  crank  which 
enables  the  stroke  to  be  varied.  The  tool  slide  can  be  set  in  any 
position  from  the  vertical  to  the  horizontal,  in  either  direction,  the 
angle  being  indicated  by  graduations  on  the  base.  When  the  attach- 
ment is  in  use,  a  slotting  tool  of  the  required  shape  is  clamped  to 
the  end  of  the  slide  by  the  bolt  shown,  and  it  is  prevented  from 
being  pushed  upward  by  a  stop  that  is  swung  over  the  top  of  the 
tool  shank.  Fig.  34  shows  the  attachment  slotting  a  rectangular  open- 
ing in  a  screw  machine  tool  which  is  held  in  the  vise.    As  this  open- 


Flff.  86.    Ck>mbined  uae  of  Vertical  and  Circular  MlUing'  Attachmenta 

ing  must  be  at  an  angle,  the  tool  slide  is  inclined  to  the  vertical, 
as  shown.  A  previously  drilled  hole  forms  a  starting  place  for  the 
slotting  tool. 

Fig.  35  shows  another  application  of  the  slotting  attachment.  The 
operation  in  this  case  is  that  of  cutting  a  square  hole  in  the  end  of 
a  rod.  As  this  rod  i^  too  long  to  be  placed  in  a  vertical  position, 
it  is  inserted  through  the  hollow  spindle  of  the  spiral  head  and  is 
held  in  a  three-jaw  chuck  as  shown.  The  slotting  attachment  is 
swung  around  to  the  horizontal  position,  and  after  one  side  of  the 
opening  is  flnished,  the  rod  is  indexed  %  of  a  turn  by  using  the 
direct  indexing  plate  attached  to  the  spindle  back  of  the  chuck. 

Circular  Milllngr  Attachment 
A  circular  milling  attachment  is  shown  in  BMg.  36.    It  is  bolted 
to  the  machine  and  has  a  round  table  A  which  can  be  rotated  for 
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milling  circular  parts.  This  attachment  is  generally  used  in  connec- 
tion with  the  vertical  spindle  attachment,  as  shown  in  this  illustra- 
tion. The  operation  is  that  of  milling  a  segment-shaped  end  on  a 
small  casting  B.  The  bored  hub  of  this  casting  Is  placed  over  a 
bushing  in  the  center  of  the  table,  and  is  held  by  a  clamp.  The 
top  or  flat  surface  of  the  outer  end  is  first  milled,  and  then  the  table 
is  raised  for  finishing  the  circular  part  as  shown.  The  table  of  the 
attachment  is  given  a  circular  feeding  movement  by  turning  hand- 
wheel  H.  Incidentally  this  view  shows  another  type  of  vertical  at- 
tachment which  differs  from  the  one  illustrated  in  Fig.  33  in  that  It 
can  only  be  adjusted  at  right-angles  to  the  axis  of  the  spindle.  This 
type  is  designed  for  comparatively  heavy  vertical  milling  operations. 


CHAPTER  VIII 

GASHXNG  AND  HOBBINa  A  WORM-WHEEL 
IN  A  MHiTiING  MACHINE 

The  universal  milling  machine  is  sometimes  used  for  cutting  the 
teeth  In  worm-wheels,  although  when  there  is  much  of  this  work  to  be 
done,  regular  gear-cutting  machines  are  generally  used.  The  worm 
itself  should  be  finished  first,  as  it  can  be  used  advantageously  for  test- 
ing the  center  distance  when  bobbing  the  worm-wheel.  We  shall  assume 
that  the  worm  has  been  made,  and  that  the  wheel  blank  has  been 
turned  to  the  required  size. 

The  teeth  of  the  worm-wheel  are  formed  by  two  operations,  which 
are  illustrated  in  Figs.  37  and  38.  First  it  is  necessary  to  gash  the 
blank  and  then  the  teeth  are  finished  by  bobbing.  Gashing  consists  In 
cutting  teeth  around  the  periphery  of  the  blank,  which  are  approxi- 
mately the  shape  of  the  finished  teeth.  This  Is  done,  preferably,  by  the 
use  of  an  Involute  gear  cutter  of  a  number  and  pitch  corresponding  to 
the  number  and  pitch  of  the  teeth  In  the  wheel.  If  a  gear  cutter  is 
not  available,  a  plain  milling  cutter,  the  thickness  of  which  should  not 
exceed  three-tenths  of  the  circular  pitch,  may  be  used.  The  corners  of 
the  teeth  of  the  cutter  should  be  rounded,  as  otherwise  the  fillets  of 
the  finished  teeth  will  be  partly  removed. 

As  the  worm  which  meshes  with  and  drives  the  worm-wheel  is 
simply  a  short  screw,  it  will  be  apparent  that  if  the  axes  of  the  worm- 
wheel  and  worm  are  to  be  at  right  angles  to  each  other,  the  teeth  of  the 
wheel  must  be  cut  at  an  angle  to  Its  axis.  In  order  to  mesh  with  the 
threads  of  the  worm.  The  method  of  setting  the  work  and  obtaining 
this  angle    will  first  be  considered. 

After  the  dividing  head  and  tallstock  have  been  clamped  to  the  table 
and  the  cutter  has  been  fastened  on  Its  arbor,  the  table  is  adjusted  until 
the  centers  of  the  dividing  head  and  the  center  of  the  cutter  lie  in  the 
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same  vertical  plane.  If  the  cutter  used  has  a  center-line  around  its 
periphery,  the  table  can  be  set  by  raising  it  high  enough  to  bring  the 
index  head  center  in  line  with  the  cutter;  the  table  can  then  be  ad- 
justed laterally  until  the  center  coincides  with  the  center-line  on  the 
cutter.  When  the  table  is  set,  it  should  be  clamped  to  the  knee  slide. 
The  blank  to  be  gashed  is  pressed  on  a  true-running  arbor  which  is 
mounted  between  the  centers  of  the  dividing  head  and  tailstock  as  illus- 


Fiff.  87.    Oaahlng  a  Worm-wheel  in  a  Universal  Milling'  Machine 

trated  in  Fig.  37,  and  the  driving  dog  is  secured,  to  prevent  any  vibra- 
tion of  the  work.  The  table  is  next  moved  longitudinally  until  a  point 
midway  between  the  sides  of  the  blank  is  directly  beneath  the  center 
of  the  cutter  arbor.  To  set  the  blank  in  this  position,  place  a  square 
blade  or  straightedge  against  it  first  on  one  side  and  then  on  the 
other  and  adjust  the  table  longitudinally  until  the  distances  between 
the  blade  and  arbor  are  the  same  on  both  sides. 

AniTular  Position  of  Table  for  Oaahinir 

.  The  table  should  now  be  set  to  the  proper  angle  for  gashing  the 

teeth.     This  angle,  if  not  given  on  the  drawing,  may  be  determined 

either  graphically  or  by  calculation.    The  first  method  is  illustrated  in 
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Fig.  39.  Some  smooth  surface  should  be  selected,  having  a  straight 
edge  as  at  A.  A  4ine  having  a  length  B  equal  to  the  lead  of  th^  worm 
thread,  is  drawn  at  right  angles  to  the  edge  A,  and  a  distance  C  is  laid 
off  equal  to  the  circumference  of  the  pitch  circle  of  the  worm.  If  the 
diameter  of  the  pitch  circle  is  not  given  on  the  drawing,  it  may  be 


Fiir.  sa.    Hobblz^r  ^^  Teeth  of  a  Worm-wbeol 

found  by  subtracting  twice  the  addendum  of  the  teeth  from  the  outside 
diameter  of  the  worm.  The  addendum  equals  the  linear  pitch  X  0.3183. 
The  angle  x  is  next  measured  with  a  protractor,  as  shown  in  the  illus- 
tration. The  table  of  the  machine  is  then  swiveled  to  a  corresponding 
angle,  as  shown  by  the  graduations  provided  on  all  universal  milling 
machines.  If  the  front  of  the  table  is  represented  by  the  edge  A,  and 
the  worm  has  a  right-hand  thread,  the  table  should  be  swiveled  as  indi- 
cated by  the  line  ah\  whereas  if  the  worm  has  a  left-hand  thread,  the 
table  should  be  turned  in  an  opposite  direction. 

The  angle  that  the  teeth  of  the  worm-wheel  make  with  its  axis,  or 
the  angle  to  which  the  table  is  to  be  swiveled,  may  also  be  found  by 
dividing  the  lead  of  the  worm  thread  by  the  circumference  of  the  pitch 
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circle;  the  quotient  will  equal  the  tangent  of  the  desired  angle.    This 
angle  is  then  found  hy  referring  to  a  table  of  natural  tangents. 

Milling  the  Oashea  in  a  Worm-wheel 

When  the  table  is  set  and  clamped  in  place,  as  many  gashes  are  cut 
in  the  periphery  of  the  wheel  as  there  are  to  be  teeth.  If  the  diameter 
cf  the  cutter  is  no  larger  than  the  diameter  of  the  hob  to  be  used,  the 
depth  of  the  gashes  should  be  slightly  less  than  the  whole  depth  of  the 
toothr.  This  whole  depth  may  be  found  by  multiplying  the  linear  pitch 
by  0.6866.  Before  starting  a  cut,  bring  the  cutter  into  contact  with  th^ 
wheel  blank,  set  the  dial  on  the  elevating  screw  at  zero,  and  sink  the 
cutter  to  the  proper  depth  as  indicated  by  the  dial.  The  blank  is  then 
lowered  to  clear  the  cutter  and  indexed  for  gashing  the  next  tooth. 
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When  the  cutter  is  larger  than  the  hob,  the  whole  depth  of  tooth  should 
be  laid  off  on  the  side  of  the  blank,  and  a  gash  cut  in  to  this  line.  The 
depth  as  indicated  on  the  dial  should  then  be  noted  and  all  the  gashes 
cut  to  a  corresponding  depth. 

Hobblng  the  Teeth  of  a  Worm-wheel 
When  the  gashing  is  finished,  the  table  is  set  at  right  angles  with 
the  spindle  of  the  machine,  and  the  cutter  is  replaced  with  a  hob,  as 
shown  in  Fig.  38.  The  latter  is  practically  a  milling  cutter  shaped  like 
the  worm  with  which  the  wheel  is  to  mesh,  except-  that  the  thread  on 
the  hob  has  several  lengthwise  flutes  or  gashes  to  form  cutting  edges. 
The  outside  diameter  of  the  hob  and  the  diameter  at  the  bottom  of  the 
teeth,  are  slightly  greater  than  the  corresponding  dimensions  of  the 
worm,  to  provide  clearance  between  the  worm  and  worm-wheel.  Before 
bobbing,  the  dog  is  removed  from  the  arbor  to  permit  the  latter  to  turn 
freely  on  its  centers.  The  hob  is  then  placed  in  mesh  with  the  gashed 
blank,  and  the  teeth  of  the  worm-wheel  are  finished  by  revolving  the 
blank  and  hob  together.  As  the  two  rotate,  the  blank  is  gradually 
raised  until  the  body  of  the  hob  between  the  teeth  just  grazes  the 
throat  of  the  blank.  The  latter  is  then  allowed  to  make  a  few  revolu- 
tions to  insure  well-formed  teeth. 

If  the  center-to-center  distance  between  the  worm  and  worm-wheel 
must  be  accurate,  this  dimension  can  be  tested  by  placing  the  finished 
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worm  in  mesh  with  the  wheel  (after  the  latter  has  been  hobbed),  and 
measuring  the  center  distance  directly.  The  worm  is  placed  on  top  of 
the  wheel,  after  removing  the  chips  from  the  teeth,  and  it  is  turned 
along  until  its  axis  is  parallel  with  the  top  of  the  table.  It  can  be  set 
in  this  position  by  testing  the  threads  at  each  end  with  a  surface  gage. 
The  distance  from  the  top  of  the  worm  to  the  top  of  the  arbor  is  then 
measured,  and  the  difference  between  the  radii  of  the  arbor  and  worm 
is  either  added  to  or  subtracted  from  this  dimension,  to  obtain  the 
center-to-center  distance. 

If  the  worm  is  accurately  made  and  the  worm-wheel  blank  of  the 
correct  size,  this  center  distance  should  be  very  close  to  the  dimension 
required.  If  necessary,  the  hob  may  be  again  engaged  with  the  wheel 
and  another  light  cut  taken.  When  testing  the  center  distance,  as  ex- 
plained in  the  foregoing,  it  is  better  to  lower  the  knee  sufficiently  to 
make  room  for  the  worm  beneath  the  hob,  and  not  disturb  the  longi- 
tudinal setting  of  the  table.  The  relation  between  the  wheel  and  hob 
will  then  be  maintained,  which  is  desirable  in  case  it  is  necessary  to 
re-hob  the  wheel  to  reduce  the  center  distance. 

The  center-to-center  distance  can  also  be  measured  w4th  a  fair  degree 
of  accuracy  (when  using  the  machine  in  Figs.  37  and  38)  at  the  time 
the  wheel  is  being  bobbed.  This  is  done  by  elevating  the  knee  and 
blank  until  the  distance  from  the  top  of  the  column  knee-slide  to  the 
line  on  the  column  marked  center,  equals  the  required  center-to-center 
distance.  When  the  knee  coincides  with  this  line,  the  index  centers 
are  at  the  same  height  as  the  spindle;  hence  the  position  of  the  knee 
with  relation  to  this  mark,  shows  the  distance  betweeen  the  centers 
of  the  arbor  on  which  the  worm-wheel  Is  mounted,  and  the  hob. 

When  worm-wheels  are  cut  in  machines  especially  designed  for  this 
purpose,  the  wheel  blanks,  instead  of  being  mounted  on  a  free-running 
arbor,  are  driven  by  gearing  at  the  proper  speed.  This  makes  gashing 
the  blank  previous  to  bobbing  unnecessary,  as  the  change  gears  insure 
a  correct  spacing  of  the  worm-wheel  teeth. 
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CHAPTER  I 


COMPOUND  INDBXING^— DIFFERENTIAL  INDBXTNG 

Ordinarily,  the  Index  crank  of  a  spiral  head  must  be  rotated  a 
fractional  part  of  a  revolution,  when  Indexing,  even  though  one  or 
more  complete  turns  are  required.  As  explained  In  Part  I  of  this 
treatise,  this  fractional  part  of  a  turn  Is  measured  by  moving  the 
latch-pin  a  certain  number  of  holes  in  one  of  the  index  circles;  but 
occasionally,  none  of  the  index  plates  furnished  with  the  machine, 
has  circles  of  holes  containing  the  necessary  number  for  obtaining  a 
certain  division.  One  method  of  indexing  for  divisions  which  are 
beyond  the  range  of  those  secured  by  the  direct  method,  is  to  first 
turn  the  crank  a  definite  amount  In  the  regular  way,  and  then  the 
index  plate  itself,  in  order  to  locate  the  crank  in  the  proper  position. 
This  is  known  as  compound  indexing,  because  there  are  two  separate  ^ 
movements  which  are,  in  reality,  two  simple  indexing  -operations.  The 
index  plate  Is  normally  kept  from  turning,  by  a  stationary  stop-pin  at 
the  rear,  which  engages  one  of  the  index  holes,  the  same  as  the  latch- 
pin.    When  this  stop-pin  is  withdrawn,  the  index  plate  can  be  turned. 

To  Illustrate  the  principle  of  the  compound  method,  suppose  the 
latch-pln  Is  turned  one  hole  In  the  19-hole  circle  and  the  Index  plate 
Is  also  moved  one  hole  In  the  20-hole  circle  and  In  the  same  direction 
that  the  crank  Is  turned.  These  combined  movements  will  cause 
the  worm  (which  engages  the  worm-wheel  on  the  spiral  head  spindle) 

1        1       39 

to  rotate  a  distance  equal  to 1 =  —  of  a  revolution.    On  the  other 

19      20     380 
hand,  if  the  crank  is  moved  one  hole  In. the  19-hole  circle,  as  before, 
and  the  Index  plate  Is  moved  one  hole  in  the  20-hole  circle,  hut  in  the 

111 

opposite  direction,  the  rotation  of  the  worm  will  equal = 

19  20  380 
revolution.  By  the  simple  method  of  Indexing,  It  would  be  necessary 
to  use  a  circle  having  380  holes  to  obtain  these  movements,  but  by 
rotating  both  the  Index  plate  and  crank  the  proper  amount,  either  in 
the  same  or  opposite  directions,  as  may  be  required,  it  Is  possible  to 
secure   divisions  beyond   the   range   of   the  simple  or   direct   system. 

To  Illustrate  the  use  of  the  compound  method,  suppose  69  divisions 

1 
were  required.    In  order  to  Index  the  work  —  revolution,  it  is  necessary 

69 
40  40       1       40 

to  move  the  crank  —  of  a  turn    (40-5-69  =  — x —  = — ),   and  this 

69-  1       69       69 

would  require  a  circle  having  69  holes,  If  the  simple  method  of  indexing 
were  employed,  but   by   the   compound   system,   this  division   can   be 
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obtained  by  using  the  23-  and  33-hole  circles,  which  are  found  on  one 
of  the  three  standard  plates  furnished  with   Brown  &  Sharpe  spiral 

1 
beads.    The  method  of  indexing  —  revolution  by  the  compound  system 

69 
is  as  follows:  The  crank  is  first  moved  to  the  right  21  holes  in  the 
23-hole  circle,  as  indicated  at  A  in  Fig.  1  and  it  is  left  in  this  position; 
then  the  stop-pin  at  the  rear,  which  engages  the  33-hole  circle  of  the 
index  plate,  is  withdrawn,  and  the  plate  is  turned  backward,  or  to 
the  left,  11  holes  in  the  33-hole  circle.  This  rotation  of  the  plate  also 
carries  the  crank  to  the  left,  or  from  the  position  shown  by  the  dotted 
lines  at  B,  to  that  shown  by  the  full  lines,  so  that  after  turning  the 
plate  backward,  the  crank  is  moved  from  its  original  position  a  dla- 
21      II      40 

tance  x  which  is  equal  to =  —  which  Is  the  fractional  part  of  a 

23       33       69 

1 
turn    the   crank    must   make,    in   order   to    index   the   work   —   of  a 

69 
revolution. 

One  rule  for  determining  what  index  circles  can  be  used  for  indexing 
by  the  compound  method,  is  as  follows:  Resolve  into  its  factors  the 
number  of  divisions  required;  then  choose  at  random  two  circles  of 
holes,  subtract  one  from  the  other,  and  factor  the  difference.  Place 
the  two  sets  of  factors  thus  obtained  above  a  horizontal  line.  Next 
factor  the  number  of  turns  oif  the  crank  required  for  one  revolution 
of  the  spindle  (or  40)  and  al£o  the  number  of  holes  in  each  of  the 
chosen  circles.  Place  the  three  sets  of  factors  thus  obtained  belov/ 
the  horizontal  line.  If  all  the  factors  above  the  line  can  be  cancelled 
by  those  below,  the  two  circles  chosen  will  give  the  required  number 
of  divisions;  if  not,  other  circles  are  chosen  and  another  trial  made. 
To  Illustrate  this  rule  by  using  the  example  given  in  the  foregoing, 
we  have: 

69=    3X23 
33  —  28  =  10=    ^x^ 


40=    ^X2x2x^ 
33=    3X  11 
23  =  ;i3  X  1 


As  all  the  factors  above  the  line  cancel,  we  know  that  the  index  plate 
having  23-  and  33-hole  circles  can  be  used.  The  next  thing  to  determine 
is  how  far  to  move  the  crank  and  the  index  plate.  This  is  found  by 
multiplying  together  all  the  uncancelled  factors  below  the  line;  thus: 

1 
2X2X11  =  44.     This  means   that  to   index  —  of  a   revolution,    the 

69 
crank  is  turned  forward  44  holes  in  the  23-hole  circle,  and  the  index 
plate  is  moved  backward  44  holes  in  the  33-hole  circle.    The  movement 
can  also  be  forward  44  holes  in  the  33-hole  circle  and  backward  44 
holes   in  the  23-hole  circle,  without  affecting  the  result.     The  move- 
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mentA. obtained  by  the  foregoing  rule  are  expressed  in  compound  index- 

44      44 

ing  tables  in  the  form  of  fractions,  as  for  example:   -f .     The 

23  33 
numerators  represent  the  number  of  holes  indexed  and  the  denomina- 
tors the  circles  used,  whereas,  the  +  and  —  signs  show  that  the 
movements  of  the  crank  and  index  plate  are  opposite  in  direction. 
These  fractions  can  often  be  reduced  and  simplified  so  that  it  will  not 
be  necessary  to  move  so  many  holes,  by  adding  spme  number  to  them 
algebraically.  The  number  is  chosen  by  trial,  and  its  sign  should  be 
opposite  that  of  the  fraction  to  which  it  is  added.  Suppose,  for 
example,  we  add  a  fraction  representing  one  complete  turn,  to  each 
of  the  fractions  referred  to;  we  then  have: 

44      44 

23      33 


23 

33 
33 

23 

+ 

21 

11 

23 

33 

If  the  indexing  is  governed  by  these  simplified  fractions,  the  crank 
is  moved  forward  21  holes  in  the  23-hole  circle  and  the  plate  is  turned 
backward  11  holes  in  the  33-hole  circle,  instead  of  moving  44  holes,  as 
stated.  The  result  is  the  same  in  each  case,  but  the  smaller  move- 
ments are  desirable,  especially  for  the  index  plate,  because  it  is  easier 
to  count  11  holes  than  44  holes.  For  this  reason,  the  fractions  given 
in  index  tables  are  simplified  in  this  way.  Ordinarily,  the  number  of 
circles  to  use  and  the  required  number  of  movements  to  make  when 
indexing,  is  determined  by  referring  to  a  table  as  this  eliminates  all 
calculations,  and  lessens  the  chance  of  error. 

Sometimes  the  simple  method  of  indexing  can  be  used  to  advantage 
in  conjunction  with  the  compound  system.  For  example,  if  we  want 
to  cut  a  96-tooth  gear,  every  other  tooth  can  be  cut  first  by  using  the 
simple  method  and  indexing  for  48  teeth,  which  would  require  a  move- 
ment of  15  holes  in  an  18-hole  circle.    When  half  of  the  tooth  spaces 

1 
have  been  cut,  the  work  is  indexed  —  of  a  revolution  by  the  compound 

96 
method,  for  locating  the  cutter  midway  between  the  spaces  previously 
milled.    The  remaining  spaces  are  then  finished  by  again  indexing  for 
48  divisions  by  the  simple  system. 

Compound  indexing  should  only  be  used  when  necesi^ary,  because  of 
the  chances  of  error,  owing  to  the  fact  that  the  holes  must  be  counted 
when  moving  the  index  plate.  As  previously  explained,  the  number  of 
holes  that  the  crank  is  turned,  is  gaged  by  a  sector.  This  counting  also 
requires  considerable  time  and,  because  of  these  disadvantages,  the 
compound  system  is  not  used  to  any  great  extent;  in  fact,  the  more 
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modern  spiral  heads  are  so  arranged  that  divisions  formerly  obtained 
by  this  system,  can  now  be  secured  in  a  more  simple  and  direct  way. 


Differential  Indezlnff 

Cne  of  the  improved  indexing  systems,  which  is  applied  to  the  uni- 
versal  milling  machines  built  by  the  Brown  &  Sharpe  Mfg.   Co.,  is 

known  as  the  differen- 
tial method.  This  sys- 
tem is  the  same  in 
principle  as  compound 
indexing,  but  differs 
from  the  latter  in  that 
the  index  plate  is  ro- 
tated by  suitable  gear- 
ing which  connects  it 
to  the  spiral-head  spin- 
dle, as  shown  In  Figs.  2 
and  3.  This  rotation  or 
differential  motion  of 
the  index  plate  takes 
place  when  the  crank 
is  turned,  the  plate 
moving  either  in  the 
same  direction  as  the 
crank  or  opposite  to  it, 


Fiar.  2. 


Index  Head  peered  for  Differential 
Indexlnar 


as  may  be  required.  The  result  is  that  the  actual  movement  of  the  crank, 
at  every  indexing,  is  either  greater  or  less  than  its  movement  with 
relation  to  the  index 
plate.  This  method  of 
turning  the  index  plate 
by  gearing  instead  of 
by  hand,  makes  it  pos- 
sible to  obtain  any  di- 
vision liable  to  arise  in 
practice,  by  using  one 
circle  of  holes  and  sim- 
ply turning  the  index 
crank  in  one  direction, 
the  same  as  for  plain 
indexing.  As  the  hand 
movement  of  the  plate 
and  the  counting  of 
holes  is  eliminated,  the 
chances  of  error  are 
also   greatly  reduced. 

The       proper       sized 
gears  to  use  for  moving 
the  index  plate  the  required  amount,  would  ordinarily  be  determined  by 
referring  to  a  table  which  accompanies  the  machine.     This  table    (a 


FifiT.  3<    Index  Head  equipped  -with  Compound  Oearlnir 
for  Differential  Indexing 


Digitized  by  CjOOQ iC 


8 


No.  gr— OPERATION   OF  MACHINE   TOOLS 


small  part  of  which  is  illustrated  in  Fig.  4)  gives  all  divisions  from  1  to 
382  and  includes  both  plain  and  differential  indexing;  that  is,  it  shows 
what  divisions  can  be  obtained  by  plain  indexing,  and  also  when  it  is 
necessary  to  use  gears  and  the  differential  system.  For  example,  if  130 
divisions  are  required,  the  39-hole  index  circle  is  used  and  the  crank  is 
moved  12  holes  (see  fourth  column  of  table)  but  no  gears  are  required. 
For  131  divisions,  a  40-tooth  gear  is  placed  on  the  worm-shaft  and  a 
28-tooth  gear  is  mounted  on  the  spindle.  These  two  gears  are  connected 
by  the  44-tooth  idler  gear,  which  serves  to  rotate  the  plate  in  the  same 
direction  as  the  crank.     To  obtain  some  divisions,  it  is  necessary  to 


Flflr.  4.    Part  of  Index  Table  for  Flain  and  Differential  Indexing 

rotate  the  plate  and  crank  in  opposite  directions,  and  then  two  idler 
gears  are  interposed  between  the  spindle  and  wormshaft  gears. 

Fig.  2  shows  a  spiral  head  geared  for  271  divisions.  The  table  calls 
for  a  gear  C  haiving  56  teeth;  a  spindle  gear  E  with  72  teeth  and 
one  idler  D.  The  sector  should  be  set  for  giving  the  crank  a  movement 
of  7  holes  in  the  49-hole  circle  or  3  holes  in  the  21-hole  circle,  either 

1 
of  which  equals  —  of  a  turn.    If  an  index  plate  having  a  49-hole  circle 

7 
happens  to  be  on  the  spindle  head,  this  would  be  used.  Now  if  the 
spindle  and  index  plate  were  not  connected  through  gearing,  280  divi- 
sions would  be  obtained  by  successively  moving  the  crank  7  holes  in 
the  49-hole  circle,  but  the  gears  E,  /),  and  C  cause  the  index  plate  to 
turn  In  the  same  direction  as  the  crank  at  such  a  rate  that  when  271 
indexings  have  been  made,  the  work  is  turned  one  complete  revolution; 
therefore,   we   have   271   divisions   instead   of   280,   the  number   being 
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reduced  because  the  total  movement  of  the  crank,  for  each  indexing, 
is  equal  to  its  movement  relative  to  the  index  plate,  plus  the  movement 
of  the  plate  itself  when  (as  in  this  case)  the  crank  and  plate  rotate  in 
the  same  direction.  If  they  were  rotated  in  opposite  directions,  the 
crank  would  have  a  total  movement  equal  to  the  amount  it  turned 
relative  to  the  plate,  minus  the  plate's  movement. 

Sometimes  it  la  necessary  to  use  compound  gearing,  in  order  to  move 
the  index  plate  the  required  amount  for  each  turn  of  the  crank.  Fig. 
3  shows  a  spiral  head  equipped  with  compound  gearing  for  obtaining 
319  divisions.  The  gears  given  in  the  table  are  as  follows:  Gear  C 
on  the  worm,  48  teeth;  first  gear  F  placed  on  the  stud,  64  teeth;  second 
gear  O  on  the  stud,  24  teeth;  gear  E  on  the  spindle,  72  teeth;  and  one 
idler  gear  D,  having  24  teeth. 


Pigr.  6.    Index  Plates  for  obtalninar  a  Lartre  Number  of  Divisions 
by  Simple  Indexing 

The  following  example  is  given  to  Illustrate  the  method  of  determin- 
ing the  index  movements  and  change  gears  to  use  for  differential  in- 
dexing: Suppose  59  divisions  were  required,  what  circle  of  holes  and 
gears   should   be   used?     First  assume   that  we   are   to   index   for   60 

2 
divisions  by  the  simple  method,  which  would  require  a  —  movement 

3 
2 
of  the  crank.    Now,  if  the  crank  is  indexed  —  of  a  revolution,  50  times, 

3 

2  2 

it  will  rotate  in  all,  59  x  —  or  39  1/3  revolutions,  which   is  —  of  a 

3  3 
revolution  less  than  the  40  required  for  one  complete  revolution  of  the 
work.    Therefore,  the  index  plate  must  be  geared  so  that  it  will  move 

2 
forward  —  of  a  turn,  while  the  work  is  revolving  once.     Hence,  the 
3 

2 
ratio  of  the  gearing  must  be  —  to  1.    Gears  are  next  selected  from  those 

3 
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provided  with  the  machine,  which  will  give  this  ratio,  as  for  example, 
gears  having  32  and  48  teeth,  respectively.    The  small  gear  is  placed 

2 
on  the  spindle,  in  this  case,  because  the  index  plate  is  to  make  only  — 

3 
of  a  turn,  while  the  spindle  makes  one  complete  revolution.  One  idler 
gear   is  also   interposed   between   the  gears,   because  it  is   necessary 

2 
for  the  plate  to  gain  —  of  a  turn  with  respect  to  the  crank;  therefore, 

3 
the  movements  of  the  index  plate  and  crank  must  be  in  the  same  direc- 
tion. 

The  differential  method  cannot  be  used  for  helical  or  spiral  milling, 
because  the  spiral-head  is  then  geared  to  the  lead-screw  of  the  machine, 
as  explained  in  Chapter  III. 

Hierh- number,  Reversible  Index  Plates 

The  dividing  heads  furnished  with  Cincinnati  milling  machines,  are 
equipped  with  comparatively  large  index  plates.  This  increase  in 
diameter  gives  room  for  more  circles  and  a  larger  number  of  holes  than 
the  smaller  plates,  and  the  range  is  further  increased  by  making  the 
plate  reversible,  each  side  having  different  series  of  holes.  Therefore, 
the  number  of  divisions  that  can  be  obtained  directly  from  one  of 
these  plates  Is  greatly  increased.  The  standard  plate  regularly  supplied 
can  be  used  for  indexing  all  numbers  up  to  60;  all  even  numbers  and 
those  divisible  by  5  up  to  120,  and  many  other  divisions  between  120 
and  400.  If  it  should  be  necessary  to  index  high  numbers  not  obtain- 
able with  the  standard  plate,  a  high  number  indexing  attachment  can 
be  supplied.  This  consists  of  three  special  plates  (see  Fig.  5),  which 
have  large  numbers  of  holes  and  different  series  on  each  side.  They 
can  be  used  for  indexing  all  numbers  up  to  and  including  200;  all  even 
numbers  and  those  divisible  by  5  up  to  and  including  400.  Owing  to 
the  range  of  the  standard  plate,  the  high-number  attachment  is  only 
needed  in  rare  instances,  for  ordinary  milling  machine  work. 
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ouTTma  SPUR  gears  in  a  milling  machine 

Spur  gears  are  ordinarily  cut  in  special  gear-cutting  machines,  but 
the  milling  machine  is  often  used  in  shops  not  equipped  with  special 
machines,  or  for  cutting  gears  of  odd  sizes,  especially  when  only  a 
small  number  are  required.  Fig.  6  illustrates  how  a  small  spur  gear 
is  cut  in  the  milling  machine.  The  gear  blank  is  first  bored  and  turned 
to  the  correct  outside  diameter  and  then  it  is  mounted  on  an  arbor 
which  is  placed  between  the  centers  of  the  dividing  head.  An  arbor 
having  a  taper  shank  which  fits  the  dividing-head  spindle,  is  a  good 
form  to  use  for  gear  work.  If  an  ordinary  arbor  with  centers  in  both 
ends  is  employed,  all  play  between  the  driving  dog  and  faceplate  should 
be  taken  up  to  insure  accurate  indexing. 

Cutter  for  Spur  Gecurs 

The  type  of  cutter  that  is  used  for  milling  the  teeth  of  spur  gears, 
is  shown  in  Fig.  7.  This  style  of  cutter  is  manufactured  in  various  sizes 
for  gears  of  different  pitch.  The  teeth  of  these  cutters  have  the 
same  shape  or  profile  as  the  tooth  spaces  of  a  gear  of  corresponding 
pitch;  therefore,  the  cutter  to  use  depends  upon  the  pitch  of  the  gear 
to  be  cut.  The  number  of  teeth  in  the  gear  must  also  be  considered, 
because  the  shape  or  profile  of  the  teeth  of  a  small  gear  Is  not  exactly 
the  same  as  that  of  the  teeth  of  a  large  gear  of  corresponding  pitch. 

The  cutters  manufactured  by  the  Brown  &  Sharpe  Mfg.  Co.  for  cutting 
j:ears  according  to  the  involute  system,  are  made  in  eight  different 
sizes  for  each  pitch.  These  cutters  are  numbered  from  1  to  8  and 
the  different  numbers  are  adapted  for  gears  of  the  following  sizes. 
Cutter  No.  1,  for  gears  having  teeth  varying  from  135  to  a  rack;  No.  2. 
gears  with  from  55  to  134  teeth;  No.  3,  from  35  to  54  teeth;  No.  4, 
from  26  to  34  teeth;  No.  5,  from  21  to  25  teeth;  No.  6,  from  17  to  20 
teeth;  No.  7,  from  14  to  16  teeth;  and  No.  8,  from  12  to  13  teeth. 

If  we  assume  that  the  diametral  pitch  of  the  gear  illustrated  in 
Fig.  6  is  12  and  the  required  number  of  teeth,  90,  a  No.  2  cutter  of  12 
diametral  pitch  would  be  used,  the  No.  2  shape  being  selected  because  it 
is  intended  for  all  gears  having  teeth  varying  from  55  to  134. 

SettinfiT  the  Cutter  Central 
After  the  cutter  is  mounted  on  an  arbor,  it  must  be  set  over  the 
center  of  the  gear  blank,  as  otherwise  the  teeth  will  not  be  milled 
to  the  correct  form.  One  method  of  centering  the  cutter  is  illustrated 
by  the  diagram.  Fig.  8.  A  true  arbor  is  placed  between  the  dividing 
head  and  foot-stock  centers,  and  the  table  of  the  machine  is  first 
-adjusted  to  locate  the  arbor  in  any  convenient  position  outside  of  and 
somewhat  below  the  cutter  as  at  A.    The  graduated  dial  of  the  cross- 
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feed  screw  is  next  set  to  zero.  The  arbgr  is  then  moved  to  position  B 
and  it  is  adjusted  to  barely  touch  or  pinch  a  thin  tissue  paper  "feeler" 
/  held  between  the  arbor  and  the  corner  of  the  cutter.  The  dial  of 
the  elevating  screw  is  now  set  at  zero,  and  the  horizontal  distance  be- 
tween positions  A  and  B  should  be  noted  by  referring  to  the  cross-feed 
dial.  For  convenience,  this  will  be  called  dimension  No.  1,  as  indicated 
by  the  illustration.  The  arbor  is  next  lowered  and  returned  to  position 
A,  horizontally,  the  vertical  position  not  being  particular.  The  arbor 
is  then  raised  until  the  elevating  screw  dial  is  again  at  zero,  after 


Flir.  6.    Cuttiujjr  the  Teeth  of  a  Spur  Gear  in  a  Universal  Millinir  Machine 

which  it  is  moved  to  position  C,  or  until  it  just  touches  a  tissue  paper 
"feeler"  as  before.  The  horizontal  dimension  No.  2  is  next  noted  by 
referring  to  the  cross-feed  dial;  this  is  added  to  dimension  No.  1  and 
the  sum  is  divided  by  2  to  get  dimension  No.  3.  The  arbor  is  then 
returned  to  position  A  (as  far  as  the  horizontal  location  is  concerned) 
after  which  it  is  lowered  far  enough  to  clear  the  cutter  and  then  moved 
inward  a  distance  equal  to  dimension  No.  3,  which  is  the  central  posi- 
tion. This  operation  can  be  performed  more  quickly  than  described. 
When  making  the  adjustments,  all  dial  readings  should  be  taken  at  the 
end  of  the  inward  or  upward  movements,  to  avoid  errors  due  to  back- 
lash or  lost  motion  in  the  elevating  or  feed  screws. 

A  method  of  testing  the  location  of  a  gear  cutter,  when  considerable 
accuracy   is  required,   is  as   follows:    First   mill   a  tooth  space   in   a 
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trial  blank  having  the  same  diameter  as  the  gear  blank,  and  then, 
without  changing  the  position  of  the  cutter,  remove  the  blank  from 
the  work  arbor  and  turn  it  end  for  end.  The  blank  should  be  loose 
on  the  arbor  to  permit  feeding  it  back  so  that  the  cutter  will  enter 
the  tooth  space  previously  milled.  The  cutter  is  then  revolved  slowly  by 
hand,  in  order  to  mark  its  position  in  the  slot.  If  it  is  set  exactly 
central,  the  second  cut  will  follow  the  first,  but  if  it  is  not  central, 
some  metal  will  be  removed  from  the  top  of  the  space  on  one  side  and 
the  bottom  on  the  other.  In  order  to  center  the  cutter,  it  should  be 
moved  laterally  toward  that  side  of  the  tooth  from  which  stock  was 
milled  at  the  top.    Another  trial  cut  is  then  taken  and  the  test  repeated. 


MSacJUnarw 


Fig.  7.    Cutter  for  MlUizur  the 
Teeth  of  Spur  Oeare 


Tig.  8.    Method  of  aettinsr  Cutter 
Central  with  Arbor 


When  the  cutter  is  centrally  located,  the  saddle  should  be  clamped  to 
the  knee  to  hold  it  rigidly  in  position. 

Settiner  the  Cutter  to  Depth— Milliner  the  Teeth 
The  next  step  is  to  set  the  cutter  for  milling  tooth  spaces  of  the 
proper  depth.  If  the  outside  diameter  of  the  gear  blank  is  accurate,  this 
can  be  done  by  first  adjusting  the  blank  upward  until  the  revolving 
cutter  just  grazes  its  surface.  The  dial  of  the  elevating  screw  is  then 
set  at  zero,  after  which  the  blank  is  moved  horizontally,  to  clear  the 
cutter,  and  then  vertically  the  required  amount,  as  shown  by  the  mi- 
crometer dial.  This  vertical  adjustment  should  equal  the  total  depth  of 
the  tooth  space,  which  can  be  found  by  dividing  the  constant  2.157 
by  the  diametral  pitch  of  the  gear.    For  example,  if  the  diametral  pitch 

2.157 

is   12,  the  depth  of  the   tooth   space  = =  0.179    inch.     After   the 

12 
blank   has   been   raised   this   amount,   the   gear  teeth   are   formed   by 
feeding  the  blank  horizontally  and  indexing  after  each  tooth  space  is 
milled.     About  one  quarter  of  the  teeth  have  been  milled  in  the  gear 
blank  shown  in  Fig.  6.     The  accuracy  of  the  gear,  assuming  that  the 
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cutter  iB  properly  made,  will  depend  largely  upon  setting  the  cutter 
central  and  to  the  proper  depth.  When  the  depth  is  gaged  from  the 
outside  of  the  blank,  the  diameter  of  the  latter  should  be  accurate,  aa 
otherwise  the  teeth  will  not  have  the  correct  thickness.  This  diameter 
can  be  found  by  adding  2  to  the  number  of  teeth  and  dividing  by  the 
diametral  pitch.  The  special  vernier,  gear-tooth  caliper  shown  in 
Fig.  9,  is  sometimes  used  for  testing  the  thickness  of  the  first  tooth 
milled.  This  test  is  especially  desirable  if  there  is  any  doubt  about 
the  accuracy  of  the  outside  diameter.  A  trial  cut  is  taken  at  one  side 
of  the  blank  and  then  the  work  is  indexed  for  the  next  space,  after 


»  *  T  e  «  ? 


iHichintrv 


Flff.  9.    Vernier  Oaliper  for  measurlno-  the  Thioknees  of  Gtoer  Tooth 
at  the  Pitch  Circle 

Which  another  trial  cut  is  taken  part  way  across  the  gear.  The  vertical 
scale  of  the  caliper  is  then  set  so  that  when  it  rests  on  top  of  the 
tooth  (as  shown  in  the  illustration),  the  lower  ends  of  the  caliper 
Jaws  will  be  at  the  height  of  the  pitch  line.  The  horizontal  scale  then 
shows  the  thickness  of  the  tooth  at  this  point.  The  height  from  the 
top  of  the  tooth  -to  the  pitch  line  equals  the  circular  pitch  multiplied 
by  the  constant  0.3183.  The  thickness  of  the  tooth  at  the  pitch  line, 
for  any  gear,  can  be  determined  by  dividing  the  circular  pitch  by  2,  or 
the  constant  1.57  by  the  diametral  pitch.   With  a  diametral  pitch  of  12, 

1.57 
the  thickness  would  equal  =  0.131  inch.     The  two  trial   cuts  for 

12 
determining  the  tooth  thickness,  should  not  extend  across  the  blank, 
as  It  is  better  to  simply  gash  one  side;  then  if  an  adjustment  is  neces- 
sary, all  the  tooth  spaces  will  be  milled  from  the  solid;    whereas,  if 
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Ptsr.  9a.  When  me«sarinff  Larffe 
Gtoar  Teeth,  the  Chordal  Thiokneaa 
T  should  be  determined 


trial  cuts  were  taken  clear  across  the  blank,  very  little  metal  would  be 
removed  from  these  spaces  by  the  final  cut  and  the  thickness  of  the 
tooth  between  them  would  differ  somewhat  from  the  other  teeth  .in 
the  gear. 

When  a  gear  tooth  is  measured  as  shown  In  Fig.  9  it  is  the  chordal 
thickness  T  (see  Fig.  9a)  that  is  obt£lined,  instead  of  the  thickness 
along  the  pitch  circle;  hence  when  measuring  teeth  of  coarse  pitch, 
especially  if  the  diameter  of  the  gear  is  quite  small,  dimension  T  should 
be  obtained  if  accuracy  is  required.  It  is  also  necessary  to  find  the 
height  X  of  the  arc  and  add  it  to  the  addendum  H  to  get  the  corrected 
height  £r„  in  order  to  measure  the  chordal  thickness  T  at  the  proper 
point  on  the  sides  of  the  tooth.    To  determine  dimension  T,  multiply 

the  pitch  diameter  of  the  gear  by  the  sine 
of  the  angle  a  between  the  center  and 
radial  lines  shown.  Expressing  this  as  a 
formula  we  have  T  =  D  sin  a,  in  which 
D  equals  the  pitch  diameter.  To  find 
angle  a,  divide  90  degrees  by  the  number 
of  teeth  in  the  gear.  The  height  x  of  the 
arc  is  found  as  follows:  x  =  R  (1  —  cos 
a),  in  which  R  equals  the  pitch  radius. 
That  is,  X  equals  1  minus  the  cosine  of 
angle  a  multiplied  by  the  pitch  radius  of 
the  gear.  The  corrected  height  H^  is 
found  by  adding  x  to  the  distance  H  from  the  top  of  the  tooth  to  the 
pitch  circle.  If  much  gear  cutting  is  done,  it  is  well  to  secure  a  table 
giving  the  chordal  thickness  T  and  the  corrected  height  Hu  for  various 
pitches  and  numbers  of  teeth. 

When  milling  the  teeth,  a  space  is  cut  by  feeding  the  blank  in 
such  a  direction  that  it  moves  against  the  rotation  of  the  cutter.  After 
a  space  is  milled,  the  cutter  is  returned  to  its  starting  point  and  the 

1 
blank  is  indexed  —  of  a  revolution  (as  the  gear  is  to  have  90  teeth) 

90 
for  milling  the  next  space.     This  operation  is  repeated  until  all  the 
teeth  are  milled. 

When  milling  gear  teeth  that  are  coarser  than  6  or  7  diametral 
pitch,  it  is  advisable  to  first  rough  mill  all  the  teeth  and  then  take 
finishing  cuts.  Special  "stocking"  cutters  are  often  used  for  rough 
milling  very  coarse  gears,  preparatory  to  finishing  by  a  regular  cutter. 
The  speed  for  cutting  gear  teeth  depends  on  the  pitch  of  the  teeth, 
the  kind  of  material  being  milled,  and  the  rigidity  of  the  work  and 
machine. 

When  the  diameter  of  a  gear  is  referred  to,  it  is  understood  to  mean 
the  pitch  diameter  or  diameter  of  the  pitch  circle,  and  not  the 
outside  diameter.  The  diametral  pitch  is  the  number  of  teeth  to 
each  inch  of  pitch  diameter,  and  the  circular  pitch  is  the  distance 
from  the  center  of  one  tooth  to  the  center  of  the  next,  measured  along 
the  pitch  line. 
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HELICAL  OB  SPIRAL  MILLING 

The  spiral  head  is  not  only  used  for  indexing  or  dividing,  but  also 
in  connection  with  the  milling  of  spiral  grooves.  When  a  spiral  is 
being  milled,  the  work  is  turned  slowly  by  the  dividing  head  as  the 
table  of  the  machine  feeds  lengthwise.  As  the  result  of  theee  combined 
movements,  a  spiral  groove  is  generated  by  the  milling  cutter.  The 
principle  of  spiral  milling,  is  illustrated  by  the  diagrams  shown  in 
Pig.  10.  If  a  cylindrical  part  mounted  between  centers,  as  at  A,  is 
rotated  and,  at  the  same  time,  moved  longitudinally  at  a  constant  rate, 
past  a  revolving  cutter  c,  a  helical  or  spiral  groove  will  be  milled  as 
indicated  by  the  curved  line.  Strictly  speaking,  a  curve  generated  in 
this  way  upon  a  cylindrical  surface,  is  a  helix  and  not  a  spiral,  although 
such  curves  will  be  referred  to  as  spirals  in  this  treatise,  because  of 
the  universal  use  of  this  term  at  .the  present  time. 

Evidently,  the  lead  I  or  distance  that  this  spiral  advances  in  one 
revolution,  will  depend  upon  the  ratio  between  the  speed  of  rotation 
and  the  longitudinal  feeding  movement.  If  .the  speed  of  rotation  is 
increased,  the  lead  of  the  spiral  will  be  diminished,  and  vice  versa, 
provided  the  rate  of  the  lengthwise  travel  remains  the  same.  If  the 
cylinder  traverses  a  distance  equal  to  Its  length  while  making  one 
revolution,  the  dimension  I  (sketch  A)  would  equal  the  lead  of  the 
spiral  generated,  but,  if  the  speed  of  rotation  were  doubled,  the  lead  I, 
(sketch  B),  would  be  reduced  one-half  (assuming  that  the  rate  of 
lengthwise  movement  is  the  same  In  each  case),  because  the  cylinder 
would  then  make  two  revolutions  while  traversing  a  distance  equal  to 
Its  length. 

Change  Qears  for  Spiral  Milling 

The  method  of  varying  the  speed  of  rotation  on  a  milling  machine, 
for  obtaining  spirals  of  different  leads,  will  be  seen  by  referring  to 
Fig.  11  which  shows  an  end  and  side  view  of  a  spiral  head  mounted 
on  the  table  of  the  machine  and  arranged  for  spiral  milling.  The 
rotary  movement  of  the  spindle  8  and  the  work,  is  obtained  from  the 
feed-screw  L,  which  also  moves  the  table  longitudinally.  This  feed- 
screw is  connected  to  shaft  W  by  a  compound  train  of  gears;  a,  ft,  c  and 
<L  and  the  movement  is  transmitted  from  shaft  W  to  the  worm-shaft 
(which  carries  the  Indexing  crank)  through  the  spiral  gears  e,  /. 
and  spur  gearing  (not  shown)  which  drives  the  index  plate,  crank,  and 
worm-shaft.  When  a  spiral  Is  to  be  milled,  the  work  Is  usually  placed 
between  the  centers  of  the  spiral  head  and  foot  stock,  and  change 
gears  a,  h,  c  and  d  are  selected  to  rotate  the  work  at  whatever  speed 
is  needed  to  produce  a  spiral  of  the  required  lead.  The  proper  g^ars 
to  use  for  obtaining  a  spiral  of  given  lead,  are  ordinarily  determined 
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by  referring  to  a  table  which  accompanies  the  machine,  although  the 
gear  sizes  can  easily  be  calculated,  as  will  be  explained  later. 

As  an  example  of  spiral  milling,  suppose  we  have  a  cylindrical  cutter 
blank  Z%  inches  in  diameter  in  which  right-hand  spiral  teeth  are  to 
be  milled,  as  indicated  in  Fig.  12,  which  shows  the  cutter  after  the  teeth 
have  been  milled.  The  blank  is  first  mounted  on  an  arbor  which  is 
placed  between  the  centers  with  a  driving  dog  attached.  The  arbor 
should  fit  tightly  into  the  hole  of  the  blank  so  that  both  will  rotate  as 
one  piece,  and  it  is  also  necessary  to  take  up  all  play  between  the  driv- 
ing dog  and  faceplate.  The  spiral  head  is  next  geared  to  the  feed- 
screw.   If  a  table  of  change  gears  is  available,  it  will  show  w^hat  gears 


Flff.  lO.    Diafframa  illustrating  the  Principle  of  Helical  or  Spiral  Milliner 

are  needed,  provided  the  lead  of  the  spiral  is  known.  A  small  section 
of  one  of  these  tables  is  reproduced  herewith  (see  Fig.  13)  to  Illustrate 
the  arrangement.  Suppose  the. lead  given  on  the  drawing  is  48  inches; 
then  this  figure  (or  the  nearest  one  to  it)  is  found  in  the  column  headed, 
"Lead  in  Inches,"  and  the  four  numbers  to  the  right  of  and  in  line  with 
48,  indicate  the  number  of  teeth  in  the  four  gears  to  be  used.  The 
numbers  opposite  48  are  72,  24,  64  and  40,  respectively,  and  the  position 
for  each  of  these  gears  is  shown  by  the  headings  above  the  columns.  As 
72  is  in  the  column  headed  "Gear  on  Worm,"  a  gear  d  (see  also  Fig. 
11)  of  this  size  is  placed  on  shaft  W.  The  latter  is  referred  to  as 
the  "worm-shaft,"  although,  strictly  speaking,  the  worm-shaft  W,  is  the 
one  which  carries  the  indexing  crank  and  worm.  The?  first  gear  c 
placed  on  the  stud  U,  has  24  teeth,  as  shown  by  the  table,  and  the 
second  gear  h  on  the  same  stud  has  64  teeth,  whereas  gear  a  on  the 
screw  has  40  teeth. 
After  these  gears  are  placed  in  their  respective  positions,  the  first 
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and  second  gears  c  and  h  on  stud  E  are  adjusted  to  mesh  properly  with 
gears  a  and  d  by  changing  the  position  of  the  supporting  yoke  Y.  As 
a  right-hand  spiral  is  to  be  milled,  which  means  that  it  advances  by 
twisting  or  turning  to  the  right,  an  idler  gear  is  not  used  with  the 
design  of  spiral  head  shown.  When  milling  a  left-hand  spiral,  it  is 
necessary  to  •insert  an  idler  gear  in  the  train  of  gears  (as  at  ;  in  Fig. 
17)  in  order  to  rotate  the  work  in  a  reverse  direction;  this  idler  has 
no  effect,  however,  on  the  ratio  of  the  gearing.  When  the  change  gears 
are  in  place,  evidently  any  longitudinal  movement  of  the  table  effected 
by  turning  feed-screw  L,  will  be  accompanied  by  a  rotary  movement  of 
the  spiral  head  spindle.  As  connection  is  made  with  the  worm-shaft  W,. 
Fig.  11,  through  the  index  plate  and  crank,  the  stop-pin  G  at  the  rear 
must  be  withdrawn  for  spiral  milling,  so  that  the  index  plate  will  be 
free  to  turn. 

Perm  of  Cutter  Used  and  its  Position        * 

The  next  thing  to  consider  is  the  kind  of  cutter  to  use.  If  we 
assume  that  the  grooves  are  to  have  an  angle  of  60  degrees,  evidently 
the  cutter  must  have  teeth  which  conform  to  this  angle.  The  type 
used  for  forming  teeth  of  spiral  mills,  is  shown  at  A  in  Fig.  14.  The 
teeth  have  an  inclination  with  the  axis,  of  4S  degrees  on  one  side 
and  12  degrees  on  the  other,  thus  giving  an  Included  angle  of  60  degrees 
for  the  tooth  spaces.  This  form  of  cutter  is  used  in  preference  to  the 
single-angle  type  shown  at  B,  for  milling  spiral  teeth,  because  the 
12-degree  side  will  clear  the  radial  faces  of  the  teeth  and  produce  a 
smooth  surface.  The  single-angle  cutter  B  is  used  for  milling  grooves 
that  are  parallel  with  the  axis.  The  cutter  is  mounted  on  an  arbor, 
and  it  is  set  in  such  a  position  that  when  the  groove  is  cut  to  the 
required  depth,  the  12-degree  side  will  be  on  a  radial  line,  as  shown  by 
the  sketch;  in  other  words,  it  should  be  set  so  that  the  front  faces 
of  the  teeth  to  be  milled,  will  be  radial. 

Setting  the  Cutter 

A  method  of  setting  a  double-angle  cutter,  for  milling  the  teeth  in 
spiral  mills,  which  is  simple  and  does  not  require  any  calculations,  is, 
as  follows:  The  pointer  of  a  surface  gage  is  first  set  to  the  height  of 
the  Index  head  center  and  then  the  work  is  placed  in  the  machine.  The 
cutter  is  next  centered  with  the  blank,  laterally,  which  can  be  done  with 
a  fair  degree  of  accuracy  by  setting  the  knee  to  the  lowest  position 
at  which  the  cutter  will  just  graze  the  blank.  The  blank  is  then  ad- 
Justed  endwise  until  the  axis  of  the  cutter  is  in  line  with  the  end  of 
the  work,  as  shown  by  the  side  and  plan  views  at  A,  Fig.  15.  One 
method  of  locating  the  cutter  in  this  position  (after  it  has  been  set 
approximately  )i3  to  scribe  a  line  on  the  blank,  a  distance  from  the 
end  equal  to  the  radius  of  the  cutter.  The  blade  of  a  square  is  then 
set  to  this  line,  and  the  table  is  adjusted  lengthwise  until  the  cutter 
Just  touches  the  edge  of  the  blade.  The  cutter  can  also  be  centered 
with  end  (after  it  is  set  laterally)  by  first  moving  the  blank  endwise 
from  beneath  the  cutter,  and  then  feeding  it  back  slowly  until  a  tissue 
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paper  "feeler"  shows  that  It  Just  touches  the  comer  of  the  blank.    The 
relation  between  the  cutter  and  blank  will  then  be  as  shown  at  A. 

The  table  is  next  set  to  the  angle  of  the  spiral  (as  explained  later) 
but  its  lengthwise  position  should  not  be  changed.  The  surface  gage, 
set  as  previously  described,  is  then  used  to  scribe  lines  which  represent 
one  of  the  tooth  spaces  on  the  end  of  the  blank  where  the  cut  is  to 
start.  This  is  done  by  first  drawing  a  horizontal  line  as  at  B.  This 
line  is  then  indexed  downward  an  anoount  equal  to  one  of  the  tooth 


Fig.    12.    Universal  Machine  arranged  for  Spiral  MlUinff 

spaces,  and  another  harizontal  line  is  drawn  as  at  C.  The  last  line 
scribed  is  then  indexed  90  -f-  12  degrees,  which  locates  it  parallel  with 
the  12-degree  side  of  the  cutter,  as  at  D.  The  work  is  then  adjusted 
laterally,  and  vertically  by  elevating  the  knee,  until  the  cutter  is  so 
located  that  the  12-degree  side  cuts  close  to  the  scribed  line,  and,  at 
the  same  time,  the  required  width  of  land  w  (see  sketch  E)  is  left 
between  the  top  edge  of  the  groove  and  the  line  representing  the  front 
face  of  the  next  tooth.  After  the  cutter  is  centered,  as  at  A,  the  longi- 
tudinal position  of  the  blank  should  not  be  changed  until  the  cutter 
is  set  as  at  E,  because  any  lengthwise  adjustment  of  the  work  would 
be  accompanied  by  a  rotary  movement  (as  the  spiral  head  is  geared  to 
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the  table  feed-Bcrew)  and  the  position  of  the  lines  on  the  end  would 
be  changed. 

Settingr  the  Table  to  Angrle  of  Spiral  and  Milliner  the  Grooves 
The  table  of  the  machine  must  also  be  set  to  the  same  angle  that  the 
spiral  grooves  will  make  with  the  axis  of  the  work.  This  is  done  by 
loosening  the  bolts  which  normally  hold  the  saddle  teethe  clamp-bed, 
and  swinging  the  table  around  to  the  right  position,  as  shown  by  the 
degree  graduations  on  the  base  of  the  saddle.  The  reason  for  setting 
the  work  to  this  angle  is  to  locate  the  cutter  in  line  with  the  spiral 
grooves  which  are  to  be  milled  by  it.  If  the  cutter  were  not  in  line 
with  the  spiral,  the  shape  of  the  grooves  would  not  correspond  with 
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Flff.  18.    Part  of  Tabl«  showinff  Oear  Cknnblnatlons  to  use  for  obtaining 
Spirals  of  Different  Lead 

the  shape  of  the  cutter.  The  angle  to  which  the  table  should  be  set, 
or  the  spiral  angle,  varies  according  to  the  diameter  of  the  work  and 
lead  of  the  spiral.  As  the  diameter,  in  this  case,  is  3^  inches  and  the 
lead  of  the  spiral  is  48  inches,  the  angle  is  12  degrees.  The  direction 
in  which  the  table  is  turned,  depends  upon  whether  the  spiral  is  right- 
or  left-hand.  'For  a  right-hand  spiral  the  right-hand  end  of  the  table 
should  be  moved  toward  the  rear,  whereas  if  the  spiral  is  left-hand, 
the  left-hand  erd  of  the  table  is  moved  toward  the  rear. 

After  the  taole  of  the  machine  is  set  to  the  required  angle  and  the 
saddle  is  clamped  in  position,  the  work  is  ready  to  be  milled.  The 
actual  milling  of  the  spiral  grooves  is  practically  the  same  as  though 
they  were  straight  or  parallel  to  the  axis.  When  a  groove  is  milled,  it 
is  well  to  either  lower  the  table  slightly  or  turn  the  cutter  to  such  a 
position  that  the  teeth  will  not  drag  over  the  work,  when  returning  for 
another  cut,  to  prevent  scoring  or  marring  the  finished  groove.  If  the 
work-table  is  lowered,  it  is  returned  to  its  original  position  by  referring 
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to  the  dial  on  the  elevating  screw.  After  each  successive  groove  is  cut, 
the  work  is  indexed  by  turning  the  indexing  crank  in  the  regular  way. 
This  <H>eration  of  milling  a  groove  and  indexing,  is  repeated  until  all 
the  teeth  are  finished.  It  should  be  mentioned  that  the  differential 
method  of  indexing  cannot  be  employed  in  connection  with  spiral  work, 
because  with  this  system  of  indexing,  the  worm-shaft  of  the  spiral 
head  is  geared  to  the  spindle.  When  milling  spiral  grooves,  the  position 
of  the  cutter  with  relation  to  the  work,  should  be  such  that  the  rotary 
movement  for  producing  the  spiral,  will  be  toward  that  side  of  the  cut- 
ter which  has  the  greater  angle.  To  illustrate,  the  blank  A,  Fig.  14, 
should  turn  (as  shown  by  the  arrow)  toward  the  48-degree  side  of  the 
cutter,  as  this  tends  to  produce  a  smoother  groove. 

Calculating'  Change-g-ears  for  Spiral  Milling 
As  was  explained  in  connection  with  Fig.  10,  the  lead  of  a  spiral  cut 
in  a  milling  machine  depends  on  the  relation  between  the  rotary  speed 


Flff.  14.    Doable-  and  Blnglft  angle  Oattara 

of  the  work  and  its  longitudinal  movement,  and  these  relative  speeds 
are  controlled  by  the  change-gears  a,  &,  c  and  d,  Fig.  11,  which  connect 
the  table  feed-screw  L  with  shaft  W.  If  the  combination  of  change- 
gears  is  such  that  20  turns  of  screw  L  are  required  for  one  revolution 
of  spindle  £f,  and  the  screw  has  four  threads  per  inch,  the  table  will 
advance  a  distance  equal  to  20  -i-  4  =:  5  inches,  which  is  the  lead  of  the 
spiral  obtained  with  that  particular  gearing.  Now  the  proper  gears 
to  use  for  producing  a  spiral  of  any  given  lead,  can  easily  be  deter- 
mined if  we  know  what  lead  will  be  obtained  when  change-gears  of 
equal  diameter  are  used.  Suppose  gears  of  the  same  size  are  employed, 
so  that  feed-screw  L  and  shaft  W  rotate  at  the  same  speed;  then  the 
feed-screw  and  worm-shaft  W,  will  also  rotate  at  the  same  speed,  if 
the  gearing  which  forms  a  part  of  the  spiral  head  and  connects  shafts 
W  and  Wi  is  in  the  ratio  of  one  to  one,  which  is  the  usual  construction. 
As  will  be  recalled,  40  turns  of  the  worm-shaft  are  required  for  each 
revolution  of  spindle  S;  therefore  with  change-gears  of  the  same  diam- 
eter, the  feed-screw  will  also  make  40  turns,  and  assuming  that  it  has 
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four  threads  per  inch,  the  table  moYement  will  equal  40  -f-  4  =  10  inches. 
This  movement,  then,  of  10  inches,  equals  the  lead  of  the  spiral  that 
would  be  obtained  by  using  change-gears  of  the  same  size,  and  it  is 
known  as  the  lead  of  the  machine. 

If  we  wanrted  to  mill  a  spiral  having  a  lead  of  12  inches  and  the 
lead  of  the  machine  is  10,  the  compound  ratio  of  the  gears  required 
12  lead  of  spiral 

would  be  —  or .    The  compound  ratio,  then,  may  be 

10         lead  of  machine 
represented  by  a  fraction  having  the  lead  of  the  required  spiral  as  its 
numerator  and  the  lead  of  the  machine  or  10  as  its  denominator.     In 


Flff.  15.    Settlnff  »  Dooble-anffle  Cutter  for  Milling  Teeth  of  »  Spiral  Mm 

order  to  find  what  size  gears  to  use,  this  ratio  is  revolved  into  two 
factors  as  follows: 

12       3        4 

10       2        5 

Each  factor  is  then  multiplied  by  some  number  which  will  give  a 
numerator  and  denominator  that  corresponds  to  numbers  of  teeth 
on  change-gears  furnished  with  the  machine.  Suppose  both  terms  of 
the  first  factor  are  multiplied  by  24 ;  we  would  then  have, 

3       24       72 
2        24       48 

The  second  factor  is  also  raised  to  higher  terms  in  the  same  way;  that 
ifl  by  using  some  multiplier  which  will  give  a  new  fraction,  the  numer- 


Digitized  by  CjOOQ iC 


24  No.  97— O  PER  ATI  OX  OF  MACHINE  TOOLS 

ator  and  denominator  of  which  equals  the  numbers  of  teeth  in  available 
gears.    Suppose  8  is  chosen  for  the  second  multiplier;  we  then  have, 

4  8       32 

5  8        40 

72  32 

The  set  of  fractions  obtained  in  this  way,  that  is  —  and  — ,  represent 

48  40 

the  gears  to  use  for  milling  a  spiral  having  a  lead  of  12  inches.  The 
numerators  equal  the  number  of  teeth  in  the  driven  gears,  and  the 
denominators  the  number  of,  teeth  in  the  driving  gears.  If  numbers 
occurred  in  either  fraction  which  did  not  correspond  with  the  number 
of  teeth  in  any  of  the  change-gears  available,  the  fraction  should  be 
multiplied  by  some  other  trial  number  until  the  desired  result  is  ob- 
tained. 

Relative  Positions  of  the  Change-flrears 

When  the  gears  for  cutting  a  given  spiral  are  known,  it  remains  to 
place  them  In  the  proper  place  on  the  machine,  and  in  order  to  do  this, 
the  distinction  between  driving  and  driven  gears  should  be  understood. 
The  gear  a  (Fig.  11)  on  the  feed-screw  is  a  driver  and  gear  &,  which  is 
rotated  by  it,  is  driven.  Similarly,  gear  c  Is  a  driver  and  gear  d 
is  driven.  As  the  numerators  of  the  fractions  represent  driven  gears, 
one  having  either  72  or  32  teeth  (in  this  Instance)  should  be  placed 
on  shaft  TV.  Then  a  driving  gear  with  either  40  or  48  teeth  is  placed 
on  stud  E  and  the  remaining  driven  gear  is  afterwards  mounted  on 
the  same  stud.  The  other  driving  gear  is  next  placed  on  the  screw  L 
and  yoke  Y  is  adjusted  until  the  gears  mesh  properly.  The  spiral  head 
will  then  be  geared  for  a  lead  of  12  inches,  the  gear  on  the  worm  having 
72  teeth,  the  first  gear  on  the  stud  having  40  teeth,  the  second  gear 
having  32  teeith,  and  the  gear  on  the  screw  having  48  teeth.  Either 
the  driving  or  driven  gears  could  be  transposed  without  changing  the 
lead  of  the  spiral.  For  example,  the  driven  gear  with  32  teeth  could 
be  placed  on  shaft  W  and  the  one  having  72  teeth  could  be  used  as  a 
second  gear  on  the  stud,  if  such  an  arrangement  were  more  con«venient. 
Aa  previously  stated,  a  reverse  or  idler  gear  is  inserted  in  the  train 
when  cutting  left-hand  spirals,  but  it  does  not  affect  the  ratio  of  the 
gearing. 

Determining  the  Angle  of  the  Helix  or  Spiral 

When  the  change-gears  for  a  given  spiral  have  been  selected,  the 
next  step  is  to  determine  the  angle  to  which  the  table  of  the  machine 
must  be  set  in  order  to  bring  the  milling  cutter  in  line  with  the  spiral. 
This  angle  equals  the  angle  that  the  spiral  makes  with  its  axis  and  it 
depends  upon  the  lead  of  the  spiral  and  the  diameter  of  the  cylindrical 
part  to  be  milled.  The  angle  of  a  spiral  can  be  determined  graphically 
by  drawing  a  right-angle  triangle  as  shown  by  sketch  C,  Fig.  10.  If 
the  length  e  of  one  side  equals  the  circumference  of  the  cylinder  on 
which  the  spiral  is  to  be  generated,  and  the  base  L  equals  the  lead,  the 
angle  a  will  be  the  spiral  angle.    If  such  a  triangle  is  wrapped  around 
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the  cylinder,  the  hypothenuse  will  follow  a  helical  curve,  as  the  illustra- 
tion Indicates. 

Another  way  of  determining  the  angle  of  a  spiral  Is  to  first  get  the 
tangent  of  the  angle  by  dividing  the  circumference  of  the  work  by  the 
lead  of  the  spiral.  When  the  tangent  Ls  known,  the  corresponding 
angle  Is  found  by  referring  to  a  table  of  natural  tangents.  For  example. 
If  the  circumference  e  Is  12  Inches,  and  the  lead  L  Is  48  Inches,  the 

12 
tangent  equals  — =:0.25  and  the  angle  a  corresponding  to  this  tangent 

48 
Is  about  \l  degrees.     Evidently,  If  the  clrcumflfrence  is  increased  or 
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Flff.  16.    MlUlnff  a  Spiral  Groove  with  an  End  MiU 

diminished,  there  will  be  a  corresponding  change  in  angle  a  provided 
the  lead  L  remains  the  same.  For  that  reason,  the  outer  circumference 
Is  not  always  taken  when  calculating  the  spiral  angle.  The  angle  for 
setting  the  table  when  cutting  spiral  gears  In  a  milling  machine,  Is 
determined  by  taking  the  diameter  either  at  the  pitch  circle,  or  at 
some  point  between  the  pitch  circle  and  the  bottoms  of  the  teeth,  rather 
than  the  outside  diameter.  In  order  to  secure  teeth  of  the  proper  shape. 

Catting  Spiral  Qrooves  with  an  End  Mill 

When  a  spiral  groove  having  parallel  sides  Is  required  It  should  be 
cut  with  an  end  mill  as  illustrated  In  Fig.  16.  If  an. attempt  were  made 
to  mill  a  groove  of  this  kind  by  using  a  side  mill  mounted  on  an  arbor, 
the  groove  would  not  have  parallel  sides,  because  the  side  teeth  of  the 
mill  would  not  clear  the  groove;  In  other  words,  they  would  cut  away 
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the  sides  owing  to  tiie  rotary  movement  of  tlie  work  and  form  a  groove 
having  a  greater  width  at  the  top  than  at  the  bottom.  This  can  be  over- 
come, however,  by  using  an  end  mill.  The  machine  is  geared  for  the 
required  lead  of  spiral,  as  previously  explained,  and  the  work  is  adjusted 
vertically  until  its  axis  is  in  the  same  horizontal  plane  as  the  center  of 
the  end  mill.  With  the  machine  illustrated,  this  vertical  adjustment 
can  be  obtained  by  moving  the  knee  up  until  its  top  surface  coincides 


Fiff.  17.    Outtinir  the  Teeth  of  a  Spiral  Gear  In  a  Universal  Milling  Machine 

with  a  line  on  the  column  marked  center;  the  index  head  centers  will 
then  be  at  the  same  height  as  the  axis  of  the  machine  spindle. 

Cutting  a  Spiral  Qear  in  a  Univereal  Milling  Machine 
The  teeth  of  spiral  gears  are  often  cut  in  universal  milling  machines, 
as  indicated  in  Fig.  17,  although  special  gear-cutting  machines  are 
used  ordinarily  where  spiral  gears  are  constantly  being  made,  because 
the  special  machines  are  more  efficient.  As  the  teeth  of  a  spiral  gear 
are  inclined  to  the  axis  and  follow  helical  or  "spiral"  curves,  they  are 
formed  by  milling  equally-spaced  spiral  grooves  around  the  periphery 
of  the  blank,  the  number  of  the  grooves  corresponding,  of  course,  to  the 
number  of  teeth  in  the  gear.  From  this  it  will  be  seen  that  a  spiral 
gear  is  similar  to  a  multiple-threaded  screw,  except  that  the  teeth  do 
not  correspond  in  shape  to  screw  threads;  in  fact,  this  type  of  gearing 
is  sometimes  referred  to  as  screw  gearing. 

Digitized  by  CjOOQ IC 


HELICAL  OR  SPIRAL  MILLING  27 

Cutter  to  Use  for  Spiral  Gears 

Because  of  the  Inclination  of  the  teeth,  the  cutting  of  spiral  gears  Is 
quite  different  from  the  method  followed  for  spur  gears,  as  far  as  the 
arrangement  of  the  machine  and  the  selection  of  the  cutter  is  concerned. 
The  spiral  head  must  he  connected  to  the  tahle  feed-screw  by  change 
gears  that  will  give  a  spiral  of  the  required  lead,  and  the  proper  cutter 
to  use  depends  upon  the  number  of  teeth  in  the  gear,  their  pitch  and 
the  spiral  angle.  Just  why  the  inclination  of  the  teeth  to  the  axis  of 
the  gear  is  considered  when  selecting  a  cutter  will  be  more  clearly 
understood  by  referring  to  the  diagrammatical  view  of  a  spiral  gear 
shown  in  Fig.  18.  The  circular  pitch  of  the  teeth  is  the  distance  c 
measured  along  the  pitch  circle  at  one  end  of  the  gear,  or  in  a  plane  at 
right  angles  to  the  axis. 

As  will  be  seen,  the  circular  pitch  in  the  case  of  a  spiral  gear  is  not 
the  shortest  distance  between  the  adjacent  teeth,  as  this  minimum  dis- 
tance  n  is  along  a  line  at  right  angles  to  the  teeth.  Hence,  if  a  cutter 
is  used  having  a  thickness  at  the  pitch  line  equal  to  one-half  the  circular 
pitch,  as  for  spur  gearing,  the  spaces  between  the  teeth  would  be  cut 
too  wide  and  the  teeth  would  be  too  thin.  The  distance  n  is  referred 
to  as  the  normal  circular  pitch,  and  the  thickness  of  the  cutter  at  the 
pitch  line  should  equal  one-half  this  pitch.  Now,  the  normal  pitch 
▼aries  with  the  angle  of  the  spiral,  which  is  equal  to  angle  a;  conse- 
quently, the  spiral  angle  must  be  considered  when  selecting  a  cutter. 

If  a  gear  has  thirty  teeth  and  a  pitch  diameter  of  6  Inches,  what  is 
sometimes  referred  to  as  the  real  diametral  pitch  is  5  (30-^6  =  5) 
and  in  the  case  of  a  spur  gear,  a  cutter  corresponding  to  this  pitch 
would  be  used;  but  if  a  5-pitch  cutter  were  used  for  a  spiral  gear, 
the  tooth  spaces  would  be  cut  too  wide.  In  order  to  secure  teeth  of 
the  proper  shape  when  milling  spiral  gears,  it  is  necessary  to  use  a 
cutter  of  the  same  pitch  as  the  normal  diametral  pitch. 

The  normal  diametral  pitch  can  be  found  by  dividing  the  real 
diametral  pitch  by  the  cosine  of  the  spiral  angle.  To  illustrate,  if  the 
pitch  diameter  of  the  gear  shown  in  Fig.  17  is  6.718  and  there  are  38 
teeth  having  a  spiral  angle  of  45  degrees,  the  real  diametral  pitch 
equals  38 -^  6.718=:  5.656;  then  the  normal  diametral  pitch  equals 
B.656  divided  by  the  cosine  of  45  degrees,  or  5.656  -f-  0.707  =  8.  A  cutter, 
then,  of  8-diametral  pitch  is  the  one  to  use  for  this  particular  gear. 

This  same  result  could  also  be  obtained  as  follows:  If  the  circular 
pitch  c  is  0.5554  inch,  the  normal  circular  pitch  n  can  be  found  by  mul- 
tiplying the  circular  pitch  by  the  cosine  of  the  spiral  angle.  For 
example,  0.5554  x  0.7Q7  =  0.3927.  The  normal  diametral  pitch  is  next 
found  by  dividing  3.1416  by  the  normal  circular  pitch  To  illustrate, 
8.1416 

=  8,  which  is  the  diametral  pitch  of  the  cutter. 

0.8927 

Of  course,  in  actual  practice,  it  is  not  generally  necessary  to  make 
such  calculations,  as  the  pitch  of  the  gear,  the  lead  and  angle  of  the 
spiral,  etc.,  is  given  on  the  drawing,  and  the  work  of  the  machinist  is 
confined  to  setting  up  the  machine  and  cutting  the  gear  according  to 
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specifications.     It  is  much  easier,  however,  to  do  work  of  this  kind 
when  the  fundamental  principles  are  understood. 

As  previously  explained  in  Chap.  II,  the  proper  cutter  to  use  for 
spur  gears  depends  not  only  upon  the  pitch  of  the  teeth,  hut  also  upon 
the  number  of  teeth  in  a  gear,  because  the  teeth  of  a  small  gear  do  not 
have  the  same  shape  as  those  of  a  much  larger  size  of  the  same  pitch. 
Therefore,  according  to  the  Brown  &  Sharpe  system  for  spur  gears 
having  involute  teeth,  eight  different  shapes  of  cutters  (marked  by 
numbers)  are  used  for  cutting  all  sizes  of  gears  of  any  one  pitch, 
from  a  12.tooth  pinion  to  a  rack.    The  same  style  of  cutter  can  be  used 


Flff.  18.    The  Olronlar  Pitch  of  a  Spiral  Gear  is  the  Dlatanoe  O  and 
the  Normal  Pitch,  Distance  n 

for  spiral  gearing,  but  the  cutter  is  not  selected  with  reference  to  the 
actual  number  of  teeth  in  the  gear,  as  with  spur  gearing. 

By  referring  to  the  list  of  cutters  given  on  page  11,  Chapter  II,  it 
will  be  seen  that  a  No.  3  would  be  used  for  a  spur  gear  having  38  teeth. 
A  spiral  gear  with  38  teeth,  however,  might  require  a  cutter  of  some 
other  number,  because  of  the  angular  position  of  the  teeth.  If  the 
actual  numt>er  of  teeth  in  a  spiral  gear  is  divided  by  the  cube  of  the 
cosine  of  the  tooth  angle,  the  quotient  will  represent  the  number  of 
teeth  for  which  the  cutter  should  be  selected,  according  to  the  system 
for  spur  gears.  If  we  assume  that  a  gear  is  to  have  38  teeth  cut  at  an 
angle  of  45  degrees,  then  the  cutter  to  use  would  be  determined  as 

38 

follows:     The  cosine  of  45  degrees  is  0.7071  and  38 -f- 0.7071»  = 

0.3535 
=  107.  The  list  of  cutters  previously  referred  to  calls  for  a  No.  2 
cutter  for  spur  gears  having  any  number  of  teeth  between  55  and 
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134;  hence,  that  is  the  cutter  to  use  for  a  spiral  gear  having  38  teeth 
and  a  tooth  angle  of  45  degrees.  It  will  be  understood  that  this  num- 
ber has  nothing  to  do  with  the  pitch  of  the  cutter,  which  is  determined 
as  previously  explained;  it  is  simply  that  one  of  the  eight  cutters 
(according  to  the  B.  &  S.  system)  which  is  made  for  milling  gears 
having  numbers  of  teeth  between  55  and  134. 

The  number  obtained  by  the  foregoing  rule  is  much  larger  than  the 
actual  number  of  teeth  in  the  spiral  gear.  This  is  because  a  line  at 
right-angles  to  the  teeth,  along  which  the  normal  pitch  is  measured, 
has  a  larger  radius  of  curvature  than  the  pitch  circle  of  the  gear 
(although,  strictly  speaking,  the  term  radius  is  incorrectly  used,  as  this 
line  is  a  helix  and  not  a  circle)  and  the  curvature  increases  or  dim- 
inishes for  corresponding  changes  in  the  spiral  angle.  Therefore,  the 
number  of  teeth  for  which  the  cutter  is  selected  depends  upon  the 
angle  of  the  spiral,  as  well  as  the  actual  number  of  teeth  in  the  gear. 
As  the  angle  becomes  smaller,  the  difference  between  the  normal  and 
circular  pitches  also  diminishes  until.  In  the  case  of  spur  gears,  the 
normal  and  circular  pitches  are  equal. 

Qearing  Machine— Position  of  Table 

The  change  gears  a,  &,  c  and  d,  Fig.  17,  connect  the  spiral  head  and 
table  feed-screw  and  rotate  the  gear  blank  as  the  table  feeds  lengthwise, 
in  order  to  produce  the  spiral  teeth.  The  relative  sizes  of  these  gears 
depend  upon  the  lead  of  the  spiral  or  the  distance  that  any  one  tooth 
would  advance  if  it  made  a  complete  turn  around  the  gear.  When 
calculating  the  sizes  of  spiral  *gears,  the  diameter  and  angle  of  the 
teeth  is  usually  made  to  suit  conditions;  consequently,  the  lead  of  the 
spiral  is  sometimes  an  odd  dimension  that  cannot  be  obtained  exactly 
with  any  available  combination  of  change  gears,  although  some  com- 
bination of  the  gears  furnished  with  a  universal  milling  machine  will 
generally  give  a  lead  which  is  close  enough  for  all  practical  purposes. 

The  gear  shown  in  Fig.  17  has  left-hand  spiral  teeth.  Therefore  it  ia 
necessary  to  place  an  idler  gear  /  in  the  train  of  gears  in  order  to 
reverse  the  rotation  of  the  gear  blank.  Without  this  idler,  the  rotation 
would  be  in  the  opposite  direction  and  a  right-hand  spiral  would  be 
milled. 

Before  the  teeth  of  a  spiral  gear  can  be  milled  the  table  of  the 
machine  must  be  set  to  the  spiral  angle.  This  is  done  so  that  the 
cutter  will  produce  grooves  and  teeth  of  the  proper  shape.  As  pre- 
viously explained,  the  angle  of  a  spiral  depends  upon  the  lead  L 
(see  Fig  10),  and  the  circumference  e  of  the  cylindrical  surface 
(which  may  be  either  real  or  imaginary)  around  which  the  spiral  is 
formed.  The  smaller  the  circumference,  the  smaller  the  angle  a, 
assuming  that  the  lead  L  remains  the  same.  The  angle,  then,  that  the 
teeth  of  a  spiral  gear  make  with  the  axis,  gradually  diminishes  from 
the  tops  to  the  bottoms  of  the  teeth,  and  if  it  were  possible  to  cut  a 
groove  Tight  down  to  the  center  or  axis,  its  angle  would  become  zero. 
Hence,  if  the  table  of  the  machine  is  set  to  the  angle  at  the  top  of  a 
tooth,  the  cutter  will  not  be  in  line  with  the  bottom  of  the  groove,  and. 
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consequenly,  the  teeth  will  not  be  milled  to  the  correct  shape.  It  is  a 
common  practice  to  set  the  table  to  the  angle  at  the  pitch  line,  which 
is  nearly  halfway  between  the  top  and  bottom  of  the  tooth,  although 
some  contend  that  if  the  angle  near  the  bottom  of  the  groove  is 
taken,  teeth  of  better  shape  will  be  obtained. 

Whatever  the  practice  may  be  the  angle  is  determined  by  first  get- 
ting the  tangent  and  then  the  corresponding  angle  from  a  table  of 
tangents.    For  example,  if  the  pitch  diameter  of  the  gear  is  4.46  and 

4.46  X  3.1416 

the  lead  of  the  spiral  is  20  inches,  the  tangent  will  equal 

20 
=  0.700,  and  0.700  is  the  tangent  of  35  degrees,  which  is  the  angle  to 
which  the  table  is  set  from  the  normal  position  at  right  angles  to  the 
spindle. 

The  table  is  adjusted  by  loosening  the  bolts  which  ordinarily  hold 
it  to  the  clamp-bed  and  swiveling  it  around  until  the  35-degree  gradua- 
tion on  the  circular  base  coincides  with  the  stationary  zero  mark. 
Before  setting  the  table  to  the  spiral  angle,  the  cutter  should  be  located 
directly  over  the  center  of  the  gear  blank.  An  accurate  method  of 
centering  a  cutter  of  this  kind  was  described  in  connection  with  Fig. 
8,  Chapter  II. 

MiUlng  the  Spiral  Teeth 

The  teeth  of  a  spiral  gear  are  proportioned  from  the  normal  pitch 
and  not  the  circular  pitch.  The  whole  depth  of  the  tooth,  that  is  the 
depth  of  each  cut,  can  be  found  byi  dividing  the  constant  2.157  by 
the  normal  diametral  pitch  of  the  gear;  the  latter,  as  will  be  recalled, 
corresponds  to  the  pitch  of  the  cutter.  The  thickness  of  the  gear  at  the 
pitch  line  equals  1.571  divided  by  the  normal  diametral  pitch.  After 
a  cut  is  completed  the  cutter  should  be  prevented  from  dragging  over 
the  teeth  whep  being  returned  for  another  cut.  This  can  be  done  by 
lowering  the  blank  slightly  or  by  stopping  the  machine  and  turning 
the  cutter  to  such  a  position  that  the  teeth  will  not  touch  the  work. 
If  the  gear  has  teeth  coarser  than  10  or  12  diametral  pitch,  it  is  well 
to  cut  twice  around;  that  is,  take  a  roughing  and  a  finishing  cut 

When  pressing  a  spiral  gear  blank  on  the  arbor,  it  should  be  remem- 
bered that  spiral  gears  are  more  likely  to  slip  when  being  cut  than 
spur  gears.  This  is  because  the  tooth  grooves  are  at  an  angle  and  the 
pressure  of  the  cut  tends  to  rotate  the  blank  on  the  arbor. 
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THE  VERTICAL  MILLING  MAOHINB 

When  an  end  mill  is  driven  directly  by  inserting  it  in  the  spindle  of 
a  milling  machine  of  the  horizontal  type  it  is  often  difficult  to  do  satis- 
factory work,  especially  if  much  hand  manipulation  is  required,  because 
the  mill  operates  on  the  rear  side  where  it  cannot  readily  be  seen 
when  one  is  in  the  required  position  for  controlling  the  machine. 
Moreover,  it  is  frequently  necessary  to  clamp  the  work  against  an 
angle-plate  to  locate  it  in  a  vertical  position  or  at  right-angles  to  the 
end  mill,  when  the  latter  is  driven  by  a  horizontal  spindle.  In  order 
to  overcome  these  objectionable  features  special  vertical  milling  at- 
tachments are  used  to  convert  a  horizontal  machine  temporarily  into 
a  vertical  type.  These  vertical  attachments  are  very  useful,  especially 
when  the  shop  equipment  is  comparatively  small  and  a  horizontal 
machine  must  be  employed  for  milling  a  great  many  different  parts, 
but  where  there  is  a  great  deal  of  work  that  requires  end  milling,  it 
is  better  to  use  a  machine  having  a  vertical  spindle. 

A  vertical  milling  machine  is  shown  in  Fig.  19.  The  part  to  be 
milled  is  attached  to  table  T  and  the  cutter  is  driven  by  the  vertical 
spindle  £>,  so  that  it  is  always  in  plain  view.  This  is  particularly  desir- 
able when  milling  an  irregular  outline,  or  any  part  that  requires  close 
attention. 

The  table  of  this  machin^  has  longitudinal,  crosswise,  and  vertical 
movements,  all  of  which  can  be  effected  either  by  hand  or  by  the  auto- 
matic power  feeds.  The  spindle  and  the  slide  which  supports  the  lower 
end  can  also  be  fed  vertically,  within  certain  limits,  by  hand  or  power. 
It  should  be  mentioned  that  milling  machines  of  this  type  do  not 
always  have  vertical  movements  for  both  the  spindle  and  table.  In 
some  designs  the  table,  instead  of  being  carried  by  a  sliding  knee  K, 
is  mounted  on  a  fixed  part  of  the  base  which  extends  forward  beneath 
it;  whereas  other  machines  have  a  table  that  can  be  moved  vertically, 
but  a  spindle  that  remains  fixed,  as  far  as  vertical  movement  is 
concerned. 

The  particular  machine  shown  in  Fig.  19  is  driven  by  a  belt  pulley 
P,  which  transmits  power  through  gears  and  shafts  to  spindle  S.  This 
belt  pulley  is  connected  or  disconnected  with  the  driving  shaft  by 
vertical  lever  M,  which  serves  to  start  and  stop  the  machine.  The 
speed  of  the  spindle  is  varied  by  levers  A,  B,  C,  and  D.  Levers  A  and 
B  operate  a  tumbler-gear  through  which  four  speeds  are  obtained. 
This  number  is  doubled  by  lever  C,  and  lever  D  doubles  it  again,  thus 
giving  a  total  of  sixteen  speeds.  The  direction  of  rotation  is  reversed 
by  lever  H. 

The  power  feeds  for  the  table  are  varied  by  the  levers  seen  attached 
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to  the  feed-box  F,  The  feed  motion  is  transmitted  to  a  reversing  box 
on  the  side  of  the  knee,  by  a  telescoping  shaft,  the  same  as  with  a 
horizontal  machine.  Lever  R  may  be  used  to  start,  stop  or  reverse  the 
automatic  table  feeds;  lever  T  controls  the  vertical  movement  of  the 
knee  and  table;  and  lever  N  the  cross-movement.  The  table  is  reversed 
by  lever  L  at  the  front,  the  reversing  lever  R  not  being  used  for  this 


Fig.  19.    Brown  &  Sharpe  Vertloal-splndle  Milling  Machine 

purpose.  The  handwheel  G  is  for  raising  and  lowering  the  table,  and 
the  smaller  wheel  E  is  for  the  transverse  adjustment.  By  means  of 
handwheel  J  the  table  can  be  given  a  fast  or  slow  movement,  or  the 
wheel  can  be  disconnected  entirely,  a  clutch  in  the  center  of  the  hub 
being  used  to  make  these  changes.  The  handwheels  E  and  G  can  also 
be  disengaged  from  their  shafts  by  knobs  in  the  center  of  each  wheel. 
This  is  done  to  prevent  the  table  from  being  shifted  after  an  adjust- 
ment is  made,  in  case  the  workman  should  accidentally  turn  one  of 
the  wheels.  ^  _ 
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The  vertical  feed  for  the  spindle  head  is  also  varied  by  the  mechanism 
at  F,  the  required  motion  being  transmitted  to  the  top  of  the  machine 
by  a  chain  and  sprockets  which  drive  worm-shaft  W.  This  worm-shaft 
is  connected  with  the  upper  sprocket  through  a  clutch  controlled  by 
lever  /.  This  same  clutch  is  also  operated  by  adjustable  stops  clamped 
into  T-slots  in  the  side  of  the  spindle-head,  for  automatically  disen- 
gaging the  vertical  feed  at  any  predetermined  point.  Shaft  W  trans- 
mits the  feeding  movement  to  the  spindle,  through  worm  gearing,  and 
a  pinion  shaft  Q,  and  lever  O  engages  or  disengages  the  worm-wheel 
with  this  pinion  shaft.  When  the  worm-wheel  is  disengaged,  the 
large  handwheel  at  the  side  of  the  column  may  be  used  to  raise  or 
lower  the  spindle  rapidly,  and,  at  other  times,  the  small  hand-wheel 
at  the  front  gives  a  slow  feeding  movement. 

CircTilar  Milling'  Attachment 
The  vertical  milling  machine  is  often  used  for  milling  circular  sur- 
faces or  slots.  In  order  to  do  this  it  is  necessary  to  impart  a  rotary 
movement  to  the  piece  being  milled.  This  is  done  by  means  of  a  circu- 
lar milling  attachment  which  is  bolted  to  the  main  table  of  the  ma- 
chine, as  shown  in  Fig.  21.  The  table  of  the  attachment  can  be 
revolved  by  handwheel  A  or  automatically.  The  power  feed  is  derived 
from  the  splined  shaft  which  drives  the  longitudinal  feed-screw  of  the 
table,  this  shaft  being  connected  by  a  chain  and  sprockets  to  shaft  B 
which  transmits  the  movement  to  the  attachment.  When  the  attach- 
ment is  in  use  the  table  feed-screw  is  disconnected  from  the  splined 
shaft,  so  that  the  feeding  movement  is  transmitted  to  the  circular 
table  only.  For  adjusting  the  longitudinal  table,  when  using  the  circu- 
lar attachment,  a  crank  is  applied  to  the  squared  end  of  the  screw  at 
the  left  end  of  the  table.  The  circular  attachment  has  automatic  stops 
for  disengaging  the  feed  at  any  point,  which  are  held  in  a  circular  T- 
8!ot  cut  in  the  periphery  of  the  table.  The  circumference  of  the  table 
is  also  graduated  in  degrees,  so  that  angular  adjustments  can  be  made 
when  necessary. 

Vertical  Milling  Operations 

The  vertical  milling  machine  illustrated  in  Fig.  19  is  shown  at  work 
in  Fig.  20.  The  casting  C,  which  is  being  milled,  is  the  saddle  of  a 
milling  machine,  and  the  operation  is  that  of  finishing  the  dovetail 
ways  for  the  table.  The  ways  on  the  under  side  have  already  been 
milled  and  this  finished  part  is  placed  against  a  plate  or  fixture  F, 
having  a  slide  similar  to  the  knee  upon  which  the  saddle  will  be 
mounted  when  assembled. 

The  cutter  used  for  this  job  has  radial  end  teeth  for  milling  the 
flat  or  bottom  surfaces,  and  angular  teeth  for  finishing  the  dovetail. 
The  cutter  revolves  in  a  flxrd  position,  and  the  slide  is  milled  by 
feeding  the  table  endwise  after  it  is  adjusted  to  the  proper  vertical 
and  crosswise  positions.  The  fixture  is  made  in  two  parts,  and  the  top 
section  can  be  swiveled  slightly  so  that  the  dovetail  can  be  milled 
tapering  on  one  side  for  the  gib  which  is  afterward  inserted.  The  top 
part   of   the  fixture   is   located    in    the  proper   position    when    milling 
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either  the  straight  or  taper  side,  by  a  pin  which  passes  through  the 
upper  and  lower  plates. 

Milling  a  Circular  T-slot 
The  operation   illustrated   in  Fig.   21,  as  previously  intimated,   re- 
quires the  use  of  a  circular  attachment,  as  it  13  necessary  to  mill  a 
circular  T-slot.     The  casting  in  which  this  slot  is  being  cut,  is  the 
wheel-stand  slide  of  a  cylindrical  grinder  and  the  slot  receives  the 


Fiflr.  20.    Bxample  of  Mining  on  Vertical  MUUnff  Machine 

heads  of  clamping  bolts.  As  the  T-slot  must  be  concentric  with  a 
hole  previously  bored  in  the  casting,  it  is  necessary  to  locate  this 
hole  in  the  center  of  the  circular  table.  This  is  done  by  placing  an 
arbor  in  the  central  hole  of  the  table,  having  a  bushing  which  just 
fits  the  hole  in  the  casting.  The  latter  is  held  to  the  circular  table  by 
a  clamp  and  the  bolts  shown. 

The  T-slot  is  formed  by  two  operations:  A  plain,  rectangular  slot  is 
cut  first  by  using  an  ordinary  end-mill,  and  then  the  enlarged  T-sec- 
tion  at  the  bottom  is  milled  by  a  special  T-slot  cutter.  This  particular 
view  was  taken  after  the  T-slot  cutter  had  completed  about  one-quarter 
of  the   groove.     The   cutter   rotates  in  one  position  and  the  circular 
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groove  is  milled  as  the  casting  is  slowly  fed  around  by  the  circular 
attachment.  The  shape  of  the  finished  slot  is  clearly  shown  to  the 
left,  and  the  plain  rectangular  slot  cut  by  the  first  operation  is  shown 
to  the  right. 

Examples  of  End  and  Ed«re  Milling 

Fig.  22  shows  how  a  vertical  machine  is  used  for  milling  the  bearing 
brasses  of  an  engine  connecting-rod.     These   brasses  are   cast   with 


Fiff.  21.     MlUinff  a  Circular  T-slot  on  a  Vertical  Machine 


flanged  sides  which  must  be  finished  to  fit  the  strap  which  holds  the 
brasses  in  position  on  the  rod.  An  end-mill  is  used  for  this  work. 
The  end  or  radial  teeth  finish  the  bottom  of  the  groove,  while  the 
cylindrical  part  of  the  mill  finishes  the  groove  to  the  required  width. 
The  brasses  are  clamped  to  a  special  box-shaped  angle-plate,  and  four 
sets  are  milled  at  one  passage  of  the  tool.  For  finishing  the  opposite 
sides,  the  milled  surfaces  are  "bedded"  on  a  cylindrical  rod  to  align 
them  with  the  table.    In  this  way  both  sides  are  finished  parallel. 

Work  of  this  kind   is   often   done  in   the  shaper,  but  these  small 
brasses  can  be  finished  more  rapidly  by  milling,  as  the  bottom  of  the 
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grooves  and  the  sides  of  the  flanges  are  milled  simultaneously,  where- 
as, with  the  shaper  it  would  be  necessary  (with  a  single-pointed  tool) 
to  cut  down  each  side  and  plane  the  horizontal  surface  at  the  bottom 
of  the  groove,  separately.  Furthermore,  it  Is  easier  to  mill  theso 
brasses  to  a  uniform  size  than  to  plane  them  in  a  shaper.  When  mill- 
ing, the  width  between  the  flanges  is  governed  by  the  diameter  of  the 
cutter,  but  if  a  shaper  were  used,  this  width  would  depend  on  the 
adjustment  of  the  tool,  which  might  not  always  be  set  in  exactly  the 


Flff.  222.    MiUinff  Oonneotlnff-rod  Bearing-  Braases  on  Beokor  Vertloal  Maohlne 

same  position.  The  vertical  milling  machine  used  for  this  operation, 
is  not  the  same  as  the  one  previously  illustrated,  although  its  con- 
struction is  very  similar  and  it  is  used  for  the  same  class  of  work. 

The  vertical  milling  machine  is  often  used  for  finishing  the  edges  of 
straight  or  circular  parts,  and  irregular  shapes  can  also  be  worked 
out  by  using  the  longitudinal  and  cross  feeds  alternately,  as  may  be 
required.  Of  course,  if  an  irregular  outline  is  to  be  followed,  the 
machine  is  fed  by  hand.  At  A,  Fig.  23,  is  shown  an  odd-shaped  steel 
forging,  the  rough  end  and  sides  of  which  are  finished  by  milling,  as 
indicated  at  B.     The  straight  sides  and  part  of  the  circular  hub  are 


Digitized  by  CjOOQ IC 


VERTICAL  MILLING  MACHINE 


37 


first  milled  as  shown  in  this  illustration.  As  the  hole  through  the  hub 
has  already  been  bored,  this  is  used  for  locating  the  forging  in  a  cen- 
tral position,  the  bored  hub  being  placed  over  a  close-fitting  cylindrical 
piece  that  is  clamped  to  the  table  as  shown.  The  work  is  held  by  a 
bolt  and  heavy  washer  at  the  top,  and  It  is  kept  from  turning  by  a 
small  angle-plate  which  is  set  against  the  flanged  end. 

As  the  illustration  shows,  the  edge  is  finished  by  a  spirally-fiuted  end- 


Flff.  28.    Mllllnff  the  Bidffe  of  a  Steel  Forrlnfir 

mill.  The  table  of  the  machine  is  fed  longitudinally  for  milling  the 
straight  part,  and  then  the  circular  attachment  Is  used  for  finishing 
the  circular  hub,  around  as  far  as  the  projecting  flanged  end  will  per- 
mit The  circular  end  of  the  hub  Is  then  completed  (as  shown  in  Fig. 
24)  by  using  a  different  type  of  cutter  which  rounds  that  part  of  the 
hub  next  to  the  projecting  end  and  gives  a  flnished  appearance  to  the 
work.  This  cutter,  which  is  called  a  "rose  mill,"  has  a  spherical  end 
that  forms  a  flUet  as  It  feeds  around. 
This  particular  forging  may  require  a  little  handwork  for  finishing 
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one  or  two  rough,  uneven  spots  left  by  milling,  but  this  is  very  slight 
at  the  most.  Without  a  milling  machine,  however,  it  would  be  neces- 
sary to  trim  up  this  part  by  hand,  and  to  make  a  neat  job  of  it  would 
require  considerable  time.  In  fact,  before  the  milling  machine  came 
into  use,  vise  or  handwork  was  done  on  a  much  more  extensive  scale 
than  at  the  present  time,  and,  incidentally,  the  amount  of  handwork 
in  connection  with  the  fitting  and  erecting  of  machinery,  is  gradually 


Flff.  24.    Finiahlnff  a  Circular  FlUet  with  a  Rose  MlUlnsr  Cutter 

diminishing,  owing  to  the  high  degree  of  accuracy  with  which  parts 
can  be  finished,  not  only  by  milling  but  by  modern  machines  and 
methods  generally. 

When  milling  edges  in  the  vertical  machine,  the  depth  of  the  cut 
is  sometimes  limited  by  the  spring  of  the  cutter  arbor,  although  when 
quite  wide  edges  have  to  be  milled,  the  arbor  is  sometimes  supported 
at  the  lower  end  by  a  bracket  which  is  attached  to  the  column  of  the 
machine.  This  prevents  the  cutter  from  springing  away  from  the 
v.crk,  and  enables  fairly  heavy  cuts  to  be  taken. 
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Surface  Milling'  in  the  Vertical  Machine 

While  the  vertical  milling  machine  is  especially  adapted  for  milling 
straight  or  curved  edges  or  surfaces  of  irregular  shape,  it  is  also  very- 
efficient  for  finishing  plain,  flat  surfaces  on  certain  classes  of  work. 
Frequently  the  top  of  a  casting  or  forging  and  its  sides  or  edges,  can 
be  milled  at  one  setting,  which  not  only  saves  time  but  insures  accu- 
racy.   When  a  flat,  horizontal  surface  is  milled  in  a  vertical  machine. 


j~^  /  "■  T^^i^^H 

* 

Fiff.  26.    Finisbinsr  Top  Surface  of  a  Oastixur  on  a  Olnolnnatl  Vertical  Machine 

a  face  cutter  is  used,  as  shown  in  Fig.  25.  This  cutter,  which  is  over 
12  inches  in  diameter,  is  screwed  to  the  end  of  the  spindle  and  the 
flange  around  the  casting  C  Is  milled  by  the  ends  of  the  inserted  teeth 
or  blades.  This  cutter  is  large  enough  to  mill  both  sides  of  the  casting 
in  one  cut.  The  over-all  dimensions  of  tbis  part  are  12  by  36  inches, 
and  the  width  of  the  flanges  on  each  side  is  2  inches. 

The  machine  shown  in  this  illustration  is  a  powerful,  rigid  design 
especially  adapted  for  work  of  this  kind.  It  is  similar  in  many  re- 
spects to  the  plain  horizontal  machine  described  in  Chapter  I,  Part  I, 
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of  this  treatise,  excepting,  of  course,  the  changes  necessary  on  account 
of  the  vertical  location  of  the  spindle.  The  part  to  be  milled  is  bolted 
directly  to  the  table,  and,  before  milling  the  first  casting,  the  knee  is 
elevated,  so  that  the  spindle  slide  A  will  not  need  to  extend  much 
below  its  bearing  when  the  cutter  is  at  work.  The  spindle  and  cutter 
are  then  lowered  for  the  right  depth  of  cut  by  using  the  fine  hand-feed 
which  is  operated  by  the  small  wheel  B  at  the  right  of  the  spindle. 
After  rough  milling  the  surface  by  traversing  the  table  longitudinally, 
the  feed  is  reversed  and  a  finishing  cut  0.010  of  an  inch  deep  is  taken, 
as  the  table  feeds  in  the  opposite  direction. 


FlflT.  26.    Machine  equipped  with  Two  Work-holdlnar  Fixtores  so  that 
One  Caatlnff  can  be  chucked  while  the  Other  is  being  Milled 

The  micrometer  stop  D  which  engages  an  arm  E  bolted  to  the  side 
of  the  column,  makes  it  possible  to  set  the  cutter  to  the  same  vertical 
position,  when  milling  a  number  of  castings  of  the  same  height.  This 
same  casting  can  also  be  milled  by  using  a  smaller  cutter  which  cov- 
ers a  flange  on  one  side  only,  Instead  of  the  entire  casting.  When  the 
smaller  cutter  is  employed,  it  is  made  to  follow  the  rectangular  fiange 
by  using  the  longitudinal  and  cross  feeds,  alternately. 

The  example  of  vertical  face  milling  shown  in  Fig.  26  illustrates  a 
modern  method  of  chucking  castings  and  operating  the  machine,  when 
large  numbers  of  duplicate  parts  have  to  be  milled.  There  are  two 
independent  work-holding  fixtures  mounted  on  the  table,  and  the 
cutter  moves  from  one  casting  to  another.  First  a  roughing  cut  is 
taken  about  3/16  inch  deep,  with  the  table  feeding  7%  inches  per  min- 
ute. When  the  working  side  of  the  cutter  reaches  the  end  of  the  cast- 
ing, the  feed  is  reversed  and  increased  to  20  inches  per  minute  for 
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the  return  or  finishing  cut.  Meanwhile,  another  casting  is  placed  in 
the  other  fixture,  and  when  the  cutter  reaches  it,  the  feed  is  reduced 
to  1%  inches.  While  this  roughing  cut  is  being  taken,  a  new  piece  is 
chucked  in  the  other  fixture,  and  so  on,  one  casting  being  chucked 
while  the  other  is  being  milled,  so  that  the  milling  operation  is  prac- 
tically continuous.  Of  course,  this  method  of  handling  the  work,  can- 
not be  employed  unless  it  is  possible  to  clamp  the  part  in  the  proper 
position  in  a  comparatively  short  time.  The  fixtures  shown  in  this 
illustration  are  made  like  milling  machine  vises  and  have  special  Jaws 
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Flff.  27.    Another  Milling  Operation  Bmployinir  Two  Fixtures 

with  angular  faces  which  ^old  a  casting  firmly  against  the  base  of 
the  vise. 

Fig.  27  shows  a  continuous  milling  operation  similar  to  the  one 
just  referred  to,  as  far  as  the  method  of  chucking  the  work  is  con- 
cerned. There  are  two  independent  fixtures,  as  before,  and  the  cast- 
ings a/e  inserted  in  each  fixture  alternately;  that  is,  one  is  being 
chucked  while  the  other  is  being  milled.  The  machine  is  fitted  with 
an  automatic  reverse,  and  the  table  travels  back  and  forth  without 
stopping.  Two  cuts  are  taken  across  each  piece;  first  a  roughing  cut 
and  then  a  finishing  cut  on  the  return  movement  of  the  table.  One  of 
the  finished  castings  is  shown  on  the  left  end  of  the  table.  The 
material  is  malleable  iron  and  the  milled  surface  has  an  over-all 
dimension  of  6  by  7  inches.  From  1/16  to  3/32  inch  metal  is  removed, 
and  the  table  feeds  1214  inches  per  minute. 
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Continuous  Circular  Milling 

The  continuoiLs  method  of  face  milling  is  also  done  in  connection 
with  a  circular  attachment.  The  parts  to  be  milled  are  held  in  a 
fixture  near  the  ed«e  of  the  table,  and,  as  the  latter  revolves,  one  cast- 
ing after  another  is  fed  beneath  the  revolving  cutter.  An  example  of 
continuous  circular  milling  is  shown  in  Fig.  28.  The  operation  is  that 
of  milling  sad-irons  These  are  held  in  a  fixture  having  a  capacity  for 
fourteen  castings.  The  table  makes  one  revolution  in  from  three  to 
four  minutes  when  doing  this  particular  work.    Ab  the  finished  cast- 


Plff.  28.    Becker  Vertlo&l-splndle  Machine  for  Ck>ntinuous  CMroular  Mlllinsr 

ings  come  around  to  the  front  they  are  removed  and  replaced  by  rough 
ones,  without  stopping  the  machine  so  that  the  milling  operation  is 
continuous.  From  two  thousand  to  three  thousand  castings  can  be 
milled  per  day  by  this  method,  the  number  depending  on  the  kind  of 
material.  The  fixture  has  star-shaped  clamping  nuts  which  make  it 
possible  to  quickly  release  a  finished  casting  or  clamp  a  rough  one  in 
position.  This  machine  is  not  a  regular  vertical  milling  machine  of 
the  standard  type,  but  is  especially  designed  for  continuous  circular 
milling.  The  table  is  without  cross  adjustment  but  can  be  fed  longi- 
tudinally for  straight  surface  milling.  Continuous  circular  milling  is 
also  done  on  standard  vertical  machines  by  using  the  circular  milling 
attachment,  as  previously  mentioned. 
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The  millin^g  machine  shown  in  Fig.  29  is  intended  especially  for 
manufacturing;  that  is,  it  is  not  adapted  to  a  great  variety  of  milling 
operations  but  is  designed  for  machining  large  numbers  of  duplicate 
parts.     The  construction  is  very  rigid  but  comparatively  simple;  and. 


Fig.  28.    Brown  &  Sharpe  Plain  MiUinir  Alachine  of  the  Lincoln  Type 

therefore,  this  style  of  machine  is  preferable  to  the  more  complicated 
designs  for  work  within  its  range.  Milling  machines  having  the  same 
general  construction  as  the  one  illustrated,  are  often  referred  to  as  the 
Lincoln  type.  As  will  be  noted,  the  work-table  A,  instead  of  being 
carried  by  an  adjustable  knee,  is  mounted  on  the  solid  bed  of  the  ma- 
chine and  the  outer  arbor-support  is  also  bolted  directly  to  the  bed. 
This  connection  gives  a  very  rigid  support  both  for  the  work  and  cut- 
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ter.    The  work  is  usually  held  in  a  fixture  or  vise  attached  to  the  table, 
and  the  milling  is  done  as  the  table  feeds  longitudinally. 

The  table  is  not  adjustable  vertically,  but  the  spindle-head  B  with  the 
spindle,  can  be  raised  or  lowered  as  may  be  required.  This  vertical 
adjustment  of  the  spindle-head  is  effected  by  turning  handwheel  C 
which  has  a  graduated  collar  reading  to  thousandths  of  an  inch.  After 
the  spindle  has  been  adjusted  vertically,  the  head  is  clamped  to  the 
upright  by  the  four  bolts  shown.  The  spindle  is  driven  from  a  pulley 
at  the  rear  which  transmits  the  motion  through  shafting  and  gearing. 


Fiff.  80.    lairersoU  Horizontal  or  Plaaer-typa  MlUlng  Machine 

A  friction  clutch  is  located  in  this  driving  pulley  and  provides  means 
for  starting  and  stopping  the  machine.  This  clutch  is  operated  by  the 
hand-lever  D. 

The  table  has  a  longitudinal  power  feed  in  either  direction,  which 
can  be  varied  to  suit  requirements.  This  power  feed  can  be  automatic- 
ally disengaged  at  any  point  by  setting  the  adjustable  stops  E  in  the 
proper  position.  The  direction  of  the  feed  can  also  be  reversed  by  oper- 
ating reverse-rod  F.  The  large  handwheel  G  can  be  used  for  adjusting 
the  table  lengthwise  or  crosswise.  Normally  this  handwheel  is  in  posi- 
tion for  traversing  the  table  lengthwise.  When  a  transverse  movement 
is  required  in  order  to  locate  the  work  with  reference  to  the  cutter, 
the  handwheel  is  pushed  inward,  which  engages  it  with  the  cross-feed 
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screw.  Before  using  the  hand  traverse,  the  worm-gearing  of  the  power 
feed  mechanism  should  he  disengaged  by  operating  lever  H.  The  varia- 
tions in  both  spindle  speeds  and  table  feeds  are  obtained,  on  this  par- 
ticular machine,  by  means  of  change  gears.  As  machines  of  this  kind 
are  frequently  used  for  a  long  time  on  one  class  of  work,  it  is  not  nec- 
essary to  make  speed  or  feed  changes  very  often. 

This  machine  has  a  maximum  longitudinal  feed  for  the  table  of  34 
inches;  a  transverse  adjustment  of  6  inches,  and  a  vertical  adjustment 
for  the  spindle  of  12  inches.  The  variety  of  milling  that  can  be  done 
on  a  machine  of  this  type  is  small  as  compared  with  the  column-and- 
knee  machines,  but  it  is  intended  for  milling  operations  that  are  of  the 


Flff.  81.    MilUnff  the  W^ays  of  a  Turret  Lathe  Bed  on  a  Horicontal  Machine 

same  general  character,  so  that  a  great  capacity  or  ''range"  is  not 
needed.  The  Lincoln  type  is  used  very  effectively  in  connection  with 
the  manufacture  of  firearms,  sewing  machines,  electrical  Instruments 
and  many  other  kinds  of  machinery. 

Horizontal  MillinGr  Machines  of  the  Planer  Type 
The  machine  illustrated  in  Fig.  30  is  designed  for  heavy  milling 
operations.  This  style  of  milling  machine  is  sometimes  referred  to  as 
a  planer  or  slab  type;  as  the  illustration  shows,  it  is  built  somewhat 
like  a  planer.  The  work-.table  T  is  mounted  on  a  long  bed,  and  the 
cutter  arbor  C  is  carried  by  ^  cross-rail  A  which,  in  turn,  is  attached 
to  vertical  housings.  The  cutter  arbor  is  driven  by  gearing  at  the  left 
end,  and  it  can  be  adjusted  longitudinally  by  traversing  the  main  sad- 
dle 8  along  the  cross-rail.  The  outer  end  of  the  arbor  is  supported  by 
a  bearing  B,  and  there  is  also  an  intermediate  support.  The  work- 
table  has  an  automatic  feeding  movement  along  the  bed,  and  it  can  be 
traversed   rapidly   by   power,   in   either   direction,   when   the   position 
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needs  to  be  changed  considerably.  The  power  feed  can  be  automatic- 
ally disengaged  at  the  end  of  the  cut  by  a  tappet  which  is  shifted 
along  the  side  of  the  bed  to  the  required  position.  The  cross-rail  can 
be  raised  or  lowered  to  locate  the  cutter  at  the  required  height,  and 


"Fig.  82.    Ohannellnir  the  Sides  of  Ijooomotlve  ICain-rods  on  Horisontal  Machine 

It  Is  counterbalanced  by  weights  attached  to  wire  ropes  that  pass  over 
the  pulleys  at  the  top  of  the  housings. 

Fig.  31  shows  how  a  horizontal  machine  of  this  kind  is  used  for 
milling  a  large  casting.  The  particular  part  illustrated  is  the  bed  of 
a  turret  lathe,  and  the  operation  is  that  of  milling  the  V-shaped  ways. 


A\(amiimffm'^ 


Fig.  83.    Cutters  need  for  OhanneUnff  Main-rods 

the  flat  surfaces  inside  these  ways  and  the  outer  sides  or  edges.  Tho 
arrangement  of  the  gang  of  eight  cutters  is  clearly  shown  by  the  illus- 
tration. The  bed  has  been  moved  away  from  the  cutters  somewhat,  in 
order  to  show  the  shape  of  the  milled  surfaces.  The  V-shaped  ways 
are  milled  by  angular  cutters  and  the  flat  inner  surfaces  by  cylindrical 
cutters,  while  the  edges  are  trued  by  large  side  mills.     This  gang  of 
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cutters  rotates  to  the  right,  as  viewed  from  the  operating  side  of  the 
machine,  and  the  table  feeds  toward  the  rear  or  against  the  cutter 
rotation.  • 

The  great  advantage  of  machining  a  casting  in  this  way  is  that  all 
the  surfaces  are  milled  to  shape  at  one  passage  of  the  work.  This 
same  casting  could  be  machined  in  a  planer,  which  is  true  of  practi- 
cally all  work  done  on  large  horizontal  milling  machines,  but  whether 
a  planer  or  a  milling  machine  should  be  used  is  a  question  that  is 
often  difficult  to  decide.  The  number  of  parts  to  be  milled  and  the 
general  character  of  the  work,  must  be  considered.     To  illustrate,  it 
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Flff.  84.    IxifferaoU  Four-heAd  Mimxif  Maohlxxe 

might  be  possible  to  finish  a  casting  by  milling  much  more  rapidly 
than  by  planing.  It  does  not  necessarily  follow,  however,  that  milling 
will  be  more  economical  than  planing.  In  the  first  place,  milling 
cutters  are  much  more  expensive  than  the  single-pointed  planer  tools 
which  can  be  forged  to  shape  by  a  blacksmith  or  toolsmith,  and  more 
time  is  also  required  to  set  up  a  milling  machine  than  a  planer,  espe- 
cially when  a  gang  of  cutters  must  be  arranged  for  milling  several 
surfaces  simultaneously.  Hence,  if  only  a  few  parts  are  required  and 
the  necessary  milling  cutters  are  not  in  stock,  the  cost  of  the  cutters, 
and  the  time  for  arranging  the  machine,  might  much  more  than  offset 
the  time  gained  by  the  milling  process.  On  the  other  hand,  when  a 
large  number  of  duplicate  parts  are  required,  milling  is  often  much 
more  economical  than  planing.     It  must  not  be  inferred  from  this  that 
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the  planer  should  always  be  used  for  small  quantities  of  work,  and  the 
milling  machine  when  there  is  a  large  number  of  parts,  although  the 
quantity  of  work  to  be  done,*  frequently  decides  the  question.  Some- 
times planing  is  preferred  to  milling,  because  the  surface  left  by  a  plan- 
ing tool  is  more  desirable,  in  certain  cases,  than  a  milled  surface. 

When  castings  or  forgings  are  quite  long  and  narrow,  two  parts  are 
sometimes  clamped  side  by  side  on  the  bed  and  milled  at  the  same 
time  by  separate  cutters.  Fig.  32  illustrates  a  job  of  this  kind.  The 
two  steel  forgings  on  the  machine  are  the  main  rods  of  a  locomotive, 
the  sides  of  which  have  been  channeled  or  grooved  to  form  an  I-beam 
section.  This  lightens  the  rod  considerabbly  but  leaves  it  strong 
enough  to  resist  the  various  stresses  to  which  it  is  subjected.  This 
view  was  taken  after  the  channels  on  one  side  were  milled.  These 
channels  are  milled  from  the  solid,  and  the  cutters  used  for  this  work 
are  shown  on  an  enlarged  'scale  in  Fig.  33.  They  have  inserted  spiral 
teeth  which  incline  In  opposite  directions  to  neutralize  the  endwise 
thrust.  They  are  S^  inches  in  diameter  and  their  width  is  4^4  inches, 
which  corresponds  to  the  width  of  the  channel.  When  milling,  these 
cutters  revolve  36  revolutions  per  minute,  giving  a  peripheral  speed 
of  82  feet  per  minute.  The  channel  or  groove  is  1%  inches  deep,  and 
it  is  milled  in  two  cuts,  each  having  a  depth  of  %  inch.  A  constant 
stream  of  lubricant  pours  on  eacli  cutter  through  the  hose  and  ver- 
tical pipes  seen  attached  to  the  cross-rail.  When  setting  up  work  for 
an  operation  of  this  kind,  it  must  be  held  securely  against  endwise 
movement,  because  the  pressure  of  such  heavy  milling  cuts  is  very 
great.  In  this  case,  the  rods  rest  against  a  heavy  steel  block  which  is 
fastened  across  the  end  of  the  table  to  resist  the  endwise  thrust  of 
the  cut. 

Miiltiple-head  Millinir  McM^blne 

Horizontal  machines  are  built  in  many  different  designs  which  are 
modified  to  suit  different;  classes  of  work.  Fig.  34  shows  a  machine 
which,  instead  of  having  .a  single  cutter-arbor,  is  equipped  with  four 
heads.  Two  of  these  heads  are  carried  by  the  cross-rail  and  the  other 
two  are  attached  to  the  right  and  left  housings.  The  cross-rail  heads 
have  vertical  spindles  and  the  side-heads,  horizontal  spindles,  so  that 
the  sides  and  top  surfaces  of  castings  can  be  milled  simultaneously. 
The  side-heads  can  be  adjusted  vertically  on  the  housings,  and  the 
vertical  heads  laterally  along  the  cross-rail.  This  particular  machine 
will  drive  face  mills  up  to  20  inches  in  diameter. 

Machines  of  the  same  general  design  are  also  built  with  three 
heads,  one  being  on  the  cross-rail  and  two  on  the  housings,  and  there 
are  various  other  modifications.  With  the  multiple-spindle  machines, 
the  number  of  spindles  used  at  one  time  depends,  of  course,  on  the 
nature  of  the  work.  For  some  jobs  it  is  necessary  to  use  the  hori- 
zontal spindles,  whereas  other  parts  are  milled  by  using  the  hori- 
zontal and  vertical  spindles  in  combination.  This  type  of  machine  is 
very  eflBcient  for  certain  kinds  of  milling. 
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CHAPTER  I 


CYLINDRICAL  GRINDING  MACHINES 

Grinding  machines  were  originally  used  almost  exclusively  for  truing 
tool  steel  parts- which  had  been  distorted  by  hardening,  and  they  are 
still  indispensable  for  work  of  this  class.  The  great  improvements 
which  have  been  made,  both  in  grinding  machines  and  abrasive  wheels, 
however,  have  resulted  in  the  application  of  the  grinding  process  to  the 
finishing  of  a  great  many  unhardened  parts.  In  either  case,  the  work, 
as  a  rule,  is  first  reduced  to  within  a  few  thousandths  inch  of  the  re- 
quired size  by  turning  in  some  form  of  lathe,  and  then  it  is  ground  to 
the  finished  dimension.  After  a  part  has  been  hardened,  grinding  is 
the  only  practicable  method  of  truing  it.  On  the  other  hand,  unhard- 
ened pieces  can  be  finished  by  other  means,  but  grinding  is  preferable 
for  most  cylindrical  work,  because  it  enables  parts  to  be  finished  accu- 
rately to  a  given  diameter,  in  less  time  than  would  be  required  by  any 
other  known  method. 

Several  different  types  of  grinding  machines  have  been  developed  for 
handling  the  various  kinds  of  work  to  which  the  grinding  process  is 
applicable.  The  machines  used  for  grinding  cylindrical  parts  such  as 
shafts,  piston-rods,  etc.,  are  called  cylindrical  grinders  whereas  the  type 
used  for  grinding  holes  in  bushings,  gears,  milling  cutters,  etc.,  are 
known  as  internal  grinders.  There  are  also  surface  grinders  for  finish- 
ing fiat  or  plane  surfaces,  and,  in  addition,  types  that  are  specially 
designed  for  sharpening  cutters,  reamers,  etc.  As  cylindrical  grinders 
are  the  type  most  commonly  used,  they  will  be  considered  first. 

When  grinding  a  cylindrical  part  such  as  a  rod  or  shaft,  it  is  mounted 
between  the  conical  centers  of  the  grinder  (as  shown  by  the  diagrams. 
Fig.  1),  just  as  it  would  be  placed  between  the  centers  of  a  lathe  for 
turning;  In  fact,  the  same  center  holes  upon  which  .  the  shaft  was 
rough  turned  are  used  when  gt'lndlng.  The  work  Is  rotated  rather 
•lowly  upon  these  centers  c  i^ud  c,  by  a  driving  dog  d,  which  engages 
a  pin  In  the  driver  plate  at  the  left,  and  the  surface  Is  ground  cylin- 
drical by  a  disk-shaped  wheel  g.  This  wheel  rotates  rapidly  (a  14-lnch 
wheel  would  run  about  1600  revolutions  per  minute),  and  the  grinding 
is  done  either  by  traversing  the  rotating  part  past  the  face  of  the  wheel 
or  by  traversing  the  wheel  along  the  work.  Some  cylindrical  grinders 
operate  In  one  way,  and  some  the  other.  The  diagram  A,  Fig.  1,  Illus- 
trates the  method  of  grinding  by  traversing  the  work,  the  reciprocating 
movement  past  the  wheel  face  being  Indicated  by  the  full  and  dotted 
lines  which  show  the  position  of  the  shaft  at  each  end  of  the  stroke. 
The  revolving  wheel  g  Is  fed  Inward  a  slight  amount  at  each  end  of 
the  work  and  the  latter  Is  accurately  ground  to  the  required  diameter* 
The  wheel  can  be  fed  by  hand  or  automatically,  the  latter  method  being 
generally  employed,  except  when  adjusting  the  wheel  or  starting  a  cut. 
The  amount  that  the  shaft  moves  endwise  while  making  one  revolution. 
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is  always  somewhat  less  than  the  full  width  of  the  grinding  wheel  face 
in  order  to  secure  a  smooth  surface  free  from  ridges.  This  side 
traverse,  as  well  as  the  rotative  speed  of  the  work,  is  varied  to  suit 
conditions.  The  operation  of  a  machine  having  a  traversing  wheel  is 
shown  by  diagram  B.  In  this  case,  the  work,  instc::d  of  moving  back 
and  forth  past  the  wheel,  rotates  in  one  position  while  the  grinding 
wheel,  which  is  mounted  on  a  suitable  carriage,  moves  from  one  end  to 
the  other,  as  indicated  by  the  full  and  dotted  lines. 

The  grinding  wheels  are  composed  of  innumerable  grains  of  some 
hard  abrasive  material  which  is  held  together  by  an  adhesive  bond. 
These  grains  or  cutters,  as  they  might  properly  be  called,  have  sharp 
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Fig.  1.    (A)Dlaffrsm  fllustratlnflr  Method  of  Qrtndlnff  by  traversing  Work  post 
Face  of  Orlndlng  Wheel.    (B)  Qrindinff  by  Traversing  the  Wheel 

corners  or  edges  which  cut  away  the  metal  as  the  work  traverses  past 
the  wheel  face,  or  vice  versa.  The  relative  rotation  of  the  wheel  and 
the  part  being  ground  should  always  be  as  shown  by  the  end  view 
(diagram  B),  for  cylindrical  grinding.  As  the  arrows  indicate,  the 
grinding  side  of  the  wheel  g  moves  downward,  and  that  side  of  the 
work  to  being  ground,  moves  upward  or  in  the  opposite  direction. 

From  the  foregoing.  It  will  be  seen  that  a  cylindrical  grinding  ma- 
chine must  be  arranged  to  rotate  both  the  grinding  wheel  and  work. 
In  addition,  either  the  work  or  the  wheel  must  be  traversed  longitud- 
inally. The  wheel  must  also  be  fed  in  automatically  for  taking  suc- 
cessive cuts,  and  provision  must  be  made  for  varying  the  traversing 
movement  and  the  rotative  speed  of  the  work  to  suit  different  condi- 
tions. The  way  these  various  movements  and  adjustments  are  obtained 
with  the  type  of  cylindrical  grinder  illustrated  in  Fig.  2r-wlll  bej  ex- 
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plained.  It  should  be  understood,  however,  that  the  mechanical  details 
vary  with  grinders  of  different  makes,  although  all  cylindrical  grinding 
machines  operate  on  the  same  general  principle. 

Cylindrical  Qrindinir  Machine  of  the  Universal  Type 
The  machine  shown  in  Fig.  2  operates  by  traversing  the  work  past 
the  grinding  wheel  G,  as  illustrated  by  the  diagram  A,  Pig.  1.  The 
grinding  wheel  is  revolved  by  a  belt  that  passes  over  a  pulley  at  the 
side  of  the  wheel  and  connects  with  an  overhead  countershaft.  The 
table  Ay  which  moves  back  and  forth  when  the  machine  is  in  operation, 
carries  a  headstock  H  and  a  footstock  F  in  which  conical  centers  C  and 


Ftff.  2.    Brown  &  Sharpe  Universal  Cyllndrloal  Orlndlnff  Machine 

C,  are  Inserted.  When  a  cylindrical  part  such  as  a  shaft  or  rod  Is  to  be 
ground,  it  is  placed  between  these  centers  and  Is  rotated  upon  them  by 
a  belt  passing  over  pulley  B  and  connecting  with  a  long  cylindrical 
drum,  which  forms  part  of  the  overhead  works  for  driving  the  ma- 
chine. This  long  drum  is  used  instead  of  a  narrow  pulley,  so  that  the 
belt  can  shift  along  as  the  table  moves  to  and  fro. 

The  power  for  moving  the  table  along  the  ways  of  the  bed  is  obtained 
from  a  belt  connecting  with  cone-pulley  D  which  transmits  motion  to 
the  table  through  suitable  shafts  and  gearing  located  Inside  ihe  bed. 
The  traverse  of  the  table  and  rotation  of  the  work-splndle,  can  be 
started  or  stopped  by  lever  E  to  the  left.  The  wheel  I  to  the  right  Is 
used  for  moving  the  table  by  hand.  When  operating  the  table  In  this 
way,  the  knob  In  the  center  of  this  wheel  is  pushed  inward,  and  when 
the  table  is  to  be  traversed  automatically,  this  knob  Is  pulled  out.    The 
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travel  of  the  table  or  the  length  of  its  stroke  Is  controlled  by  the  posi- 
tion of  the  adjustable  dogs  J  and  J,,  which  operate  the  reversing  lever  K, 
Lever  K  connects  with  a  clutch  inside  the  base  and  this  clutch,  through 
gearing,  reverses  the  movement  of  the  table  whenever  lever  K  is  thrown 
to  the  right  or  left  The  length  of  the  stroke  is  changed  by  varying 
the  distance  between  dogs  J.  These  dogs  slide  upon  a  rack  attached 
to  the  front  of  the  table  and  are  held  in  position  by  a  spring-latch  that 
engages  the  rack  teeth. 

'  The  Automatic  Cross  Feed 

The  grinding  wheel  can  be  moved  to  or  from  the  work  by  rotating 
handwheel  L,  and  it  is  fed  inward  automatically  by  the  mechanism 
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FIff.  8.  Mecbanlsm  wbloh  fseas  tne  Orlndlnff  ^WTieei  forward  »t  MkOh  Bav«ra«l 
of  the  Work  and  automaticaUy  (Mmengt^gea  the  Feed  whdn  a  Predetermined  Amount 
has  been  ground  away 

located  just  back  of  this  wheel.  This  mechanism  is  so  arranged  that 
it  can  be  set  to  stop  the  feed  when  the  diameter  has  been  ground  to  a 
predetermined  size.  The  way  in  which  this  automatic  feed  operates 
will  be  more  clearly  understood  by  referring  to  the  detail  drawing.  Fig. 
3.  When  the  dogs  J  strike  lever  K,  thus  reversing  the  table  movement, 
the  lever  G  is  also  actuated,  and  it  has  a  V-shaped  end  which  engages 
roll  h,  and  operates  lever  H  and  pawl  P.  If  this  pawl  is  in  mesh  with 
the  ratchet  wheel  W,  the  grinding  wheel  will  be  fed  forward  an  amount 
depending  upon  the  position  of  the  screws  F,  which  come  against  a 
surface  on  lever  O,  thus  regulating  the  upward  movement  of  lever  IT 
and,  consequently,  the  movement  of  the  pawl  at  the  end  of  each  stroke. 
The  automatic  feed  will  continue  at  each  reversal  until  the  shield  M 
(which  is  attached  to  head  N)  intercepts  pawl  P  and  prevents  it  from 
engaging  the   ratchet  wheel  W.     The  feed  then  stops  automatically. 
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The  amount  that  the  grinding  wheel  moves  inward  before  the  feed 
is  automatically  disengaged,  depends  upon  the  distance  between  the 
end  of  shield  M  and  the  tooth  of  pawl  P.  Each  time  the  table  reverses, 
this  pawl  rotates  ratchet  W  one  or  more  teeth  and  this  feeding  move- 
ment continues  until  shield  M  moves  around  and  disengages  the  pa^U 
as  previously  mentioned.  As  a  movement  of  one  tooth  represents  a 
reduction  in  the  diameter  of  the  work  of  0.00025  inch,  the  automatic 
feed  can  be  set  for  grinding  very  close  to  a  given  size  by  varying  the 
distance  between  the  disengaging  shield  and  the  pawl.  The  feed  can 
be  set  to  give  the  full  amount  at  each  end  of  the  stroke  or  any  part 
of  the  full  amount  at  either  end,  by  adjusting  the  regulating  screws  F, 
The  feed  on  this  particular  machine  can  be  varied  from  0.00025  inch  to 
0.004  inch  at  each  reversal  of  the  table.  These  feeds  seem  like  very 
small  amounts,  especially  when  compared  with  the  cuts  taken  on  turning 
or  planing  machines,  but  the  grinder  is  a  precision  machine  used  for 
producing  fine,  accurate  surfaces  and  it  is  not  adapted  to  taking  deep 
cuts.  With  a  modern  high-power  machine,  however,  metal  can  be  re- 
moved with  considerable  rapidity. 

The  automatic  cross  feed  is  a  great  advantage,  especially  when  grind- 
ing a  large  number  of  duplicate  parts,  as  it  prevents  grinding  them  totf 
small,  and  makes  it  unnecessary  for  the  operator  to  be  continually 
measuring  the  diameter  of  the  work.  The  automatic  feed  is  also  de- 
sirable because  it  moves  the  wheel  inward  an  unvarying  amount  at 
each  reversal.  This  regularity  of  the  feeding  movement  increases  the 
"sizing  power"  of  the  grinding  wheel.  In  other  words,  the  wheel  main- 
tains its  size  for  a  longer  period  and  the  wear  is  more  uniform.  Of 
course,  all  grinding  operations  are  accompanied  by  more  or  less  wheel 
wear  which  has  to  be  compensated  for  (as  will  be  described  later), 
although  the  amount  of  wear  is' surprisingly  small  when  the  wheel  and 
work  rotate  at  the  proper  speeds. 

Miscellaneous  Features 

The  headstock  H  (Fig.  2)  is  held  to  the  table  by  bolts  which  slide 
in  a  T-slot,  and  the  footstock  F  is  clamped  by  the  lever  shown,  so  that 
the  distance  between  the  centers  can  be  varied  to  suit  the  length  of 
the  work.  The  spindle  and  upper  part  of  the  headstock  can  be  swiveled 
about  a  vertical  axis  for  grinding  fiat  disks  or  taper  work,  and  the 
angular  position  is  shown  by  degree  graduations  on  the  circular  base. 
The  spindle  of  the  footstock  is  not  screwed  rigidly  against  the  end-  of 
the  work,  as  in  the  case  of  a  lathe,  but  it  is  held  in  position  by  a  strong 
spring.  By  means  of  this  spring,  a  firm,  even  pressure  is  applied  to 
the  center,  and,  in  case  the  work  expands  from  the  heat  developed  in 
grinding,  the  center  yields  and  the  part  being  ground  is  not  distorted. 

The  usual  method  of  grinding  a  cylindrical  part  is  to  rotate  it  on 
two  "dead  centers,"  both  centers  remaining  stationary.  The  object 
of  grinding  work  while  it  revolves  on  stationary  centers  is  to  secure 
accuracy,  for  then  any  slight  error  which  may  be  in  the  spindle  bearings 
is  not  reproduced  in  the  work.  If  center  C  were  rotated  with  the  work, 
as  in  the  case  of  a  lathe,  any  eccentricity  of  the  center  would  result  in 
inaccurate  grinding.     Therefore,  when  grinding  cylindrical   parts  on 
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centers,  the  spindle  is  locked  by  a  pin  P  which  engages  a  hole  in  the 
flange  of  pulley  N,  Pulley  B,  which  rotates  freely  around  the  spindle, 
carries  a  driving  dog  and  rotates  the  work.  For  some  classes  of  grind- 
ing, as,  for  example,  when  grinding  parts  held  in  a  chuck  attached  to 
the  spindle,  it  is  necessary  to  rotate  the  spindle.  Lock-pin  P  is  then 
withdrawn  and  a  belt  from  the  overhead  driving  drum  is  connected 
with  pulley  N. 

The  upper  part  of  the  work-table  can  be  set  at  an  angle  for  taper 
grinding.  This  upper  swiveling  table  is  normally  held  to  the  lower 
member  by  bolts  at  each  end.  When  these  are  loosened,  the  table  can 
be  turned  a  limited  extent  about  a  central  stud,  by  means  of  adjusting 


Flir-  4.    Tiftndlw  Plain  Oiindinff  MachJne 

screw  M.  There  are  two  sets  of  graduations  on  the  end  of  the  swivel- 
ing table,  one  reading  to  degrees  and  the  other  giving  the  taper  in 
Inches  per  foot.  When  the  swivel  table  is  set  at  an  angle,  the  head- 
stock  and  footstock  centers  remain  in  line  but  are  at  an  angle  with 
the  ways  of  the  bed  or  the  line  of  motion.  For  ordinary  cylindrical 
grinding,  the  wheel-stand  slide  is  set  at  right  angles  to  the  ways.  On 
a  grinder  of  this  type,  the  wheel  slide  can  also  be  set  at  an  angle  when 
necessary  for  grinding  parts  having  a  steep  or  abrupt  taper. 

Another  feature  of  the  cylindrical  grinder  which  should  be  referred 
to  is  the  provision  made  for  supplying  cooling  water  to  the  wheel 
when  grinding.  At  the  point  where  the  wheel  is  in  contact  with  the 
work  there  is  considerable  heat  generated;  consequently  a  cooling 
medium  is  very  essential  when  grinding  parts  which  revolve  upon  the 
centers,  in  order  to  maintain  an  even  temperature.  When  water  is  not 
used,  the  part  being  ground  tends  to  bend  towards  the  wheel  owing  to 
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the  higher  degree  of  heat  and  resulting  elongation  on  the  grinding  side; 
in  other  words,  ita  axis  will  be  continually  changing,  and,  obviously, 
inaccuracy  will  be  the  result.  The  apparatus  for  supplying  the  water 
consists  of  a  small  pump  of  the  fan  type  which  operates  in  a  tank  at 
the  rear.  The  water  is  conveyed  to  the  grinding  wheel  through  a  hose 
and  pipe  O,  and  plays  on  that  part  of  the  work  being  ground. 

Cylindrical  Qrindlnflr  Machine  of  the  Plain  Type 

Cylindrical  grinding  machines,  like  milling  machines,  are  divided 
into  two  general  classes,  known  as  plain  and  universal  grinders.  The 
first  type  is  used  for  grinding  work  in  large  quantities,  which  varies 
comparatively  little  in  form,  which  means  that  it  is  essentially  a  ma- 
chine for  manufacturing  purposes.  The  general  construction  of  the 
universal  grinder  is  similar  to  that  of  the  plain  grinder,  but  it  differs 
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Flff.  6.    Bnd  View  of  Landia  Orinder,  showing  Automatlo  Cross-feed  Mechanism 

from  the  latter  in  halving  certain  special  features  and  auxiliary  attach- 
ments which  adapt  it  to  a  more  general  or  universal  class  of  work.  Thp 
principal  difference  between  the  universal  and  plain  types,  as  far  as  the 
construction  of  the  machine  itself  is  concerned,  is  as  follows:  The 
wheel  slide  of  a  universal  machine  can  be  swiveled  with  relation  to  the 
travel  of  the  table;  the  headstock  can  also  be  set  at  an  angle,  and 
provision  is  made  for  revolving  the  spindle  for  grinding  parts  that  are 
held  in  a  chuck  or  otherwise.  With  a  plain  machine  the  wheel  slide  is 
permanently  set  at  right  angles  to  the  table  travel  and  the  headstock 
cannot  be  swiveled.  The  machine  shown  in  Fig.  2  is  a  universal  type, 
whereas  a  plain  grinder  is  shown  in  Fig.  4.  These  machines  .differ 
considerably  in  their  construction  because  they  are  different  makes. 
Plain  and  universal  machines  of  the  same  make,  however,  are  prac- 
tically the  same  except  for  the  changes  referred  to,  unless  one  is  much 
larger  than  the  other. 

The  machine  illustrated  In  Fig.  4  operates  by  traversing  the  grinding 
wheel  along  the  work  which  rotates  in  a  fixed  position,  as  indicated  by 
the  diagram  B,  Fig.  1.    The  travel  of  the  wheel  carriage  is  regulated. 
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carriage  iB  obtained  from  a  belt  operating  on  pulley  H,  and  the  work 
is  rotated  hy  a  belt  connecting  with  pulley  G,  The  work  speeds  aro 
Taried  by  shifting  lever  F. 

The  grinding  wheel  is  moved  to  or  from  the  work  by  the  handwheel 
D.  In  conjunction  with  this  handwheel  there  is  an  automatic  cross 
feed  which  may  be  set  to  advance  the  wheel  at  each  reversal  of  the 
carriage  on  which  the  wheel  is  mounted.  This  feed  is  effected  by  the 
pawl  A  (Fig.  5)  which  meshes  with  ratchet  teeth  in  the  periphery  of 
the  wheel  D.  Provision  is  made  for  automatically  disengaging  this 
feefl  -when  the  wheel  has  ground  any  predetermined  -umount  from  the 
work.  This  is  accomplished  by  a  movable  ring  B,  mounted  on  the  hand- 
wheel  and  having  a  knock-out  cam  C,  which  engages  a  pin  on  the  feed 
pawl  A.  When  setting  this  feed  to  grind  a  given  amount,  the  wheel  is 
first  brought  into  contact  with  the  work,  by  turning  the  handwheel  D; 
the  ring  B  \b  then  moved  around  until  the  cam  C  is  against  the  pin  on 
pawl  A.  When  the  machine  makes  its  first  stroke,  the  pawl  is  dis- 
engaged from  the  ratchet.  The  wheel  should  then  be  allowed  to  pass 
over  the  work  until  it  has  practically  ceased  cutting,  when  the  traverse 
should  be  stopped,  say  at  the  footetock  end.  The  diameter  of  the  work 
is  next  measured  carefully  with  a  micrometer.  The  thumb-latch  E  is 
then  pressed  against  its  stop  four  times  for  each  0.001  inch  reduction 
in  diameter  required.  As  this  thumb-latch  has  attached  to  it  a  spring 
pawl  engaging  the  ratchet  teeth  on  the  wheel  D,  the  ring  B,  with  its 
knock-out  cam,  is  moved  away  from  the  feed  pawl  A  an  amount  equiva- 
lent to  one  ratchet  tooth  each  time  the  latch  is  pressed.  When  the 
grinding  is  continued,  the  cam  gradually  moves  backward  and  finally 
disengages  the  feed  pawl.  The  amount  of  feed  is  regulated  by  adjusting 
screw  F. 

Large  Qrindlnflr  Machine  of  the  Plain  Type 

Pig.  6  shows  a  large  grinding  machine  of  the  plain  type  which  will 
grind  work  up  to  96  inches  in  length.  This  machine  has  a  moving 
work-table  and  the  grinding  wheel  revolves  in  a  fixed  position,  except 
for  the  crosswise  feeding  movement  at  each  end  of  the  stroke.  The 
wheels  used  in  this  machine  are  24  inches  in  diameter  and  have  a  width 
of  2  inches.  The  wheel  slide  is  fed  forward  either  by  a  handwheel  or 
automatically,  and  the  automatic  feed  can  be  set  for  grinding  a  given 
amount.  The  rotative  speed  of  the  work  can  be  changed  by  shifting  the 
belt  on  the  driving  cone  pulley  of  the  headstock.  The  rate  of  table 
traverse  can  also  be  regulated  to  give  a  coarse  feed  for  removing  stock 
rapidly  or  a  finer  feed  for  finishing.  The  mechanism  seen  at  the  front 
of  the  machine  includes  the  automatic  cross  feed,  and  the  table  speed- 
changing  mechanism.  There  are  also  hand-wheels  for  adjusting  the 
table  longitudinally  and  the  grinding  wheel  in  a  crosswise  direction. 
The  particular  machine  illustrated  is  equipped  with  six  steadyrests 
which  are  used  for  supporting  the  work  and  to  prevent  vibration.  The 
number  of  rests  used  in  any  case  depends  upon  the  length  of  the  part 
being  ground. 
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As  an  example  of  grinding,  suppose  a  rather  short  shaft  is  to  be 
ground  cylindrical  and  to  a  diameter  somewhere  between  2.050  and 
2.0495  inches,  there  being  an  allowable  variation  in  size  of  0.0005  inch. 
Before  beginning  to  grind,  a  wheel  should  be  selected  that  is  suitable 
for  the  part  to  be  ground.  When  grinding,  the  work  must  also  be  ro- 
tated at  the  proper  speed  in  order  to  minimize  the  wheel  wear  and 
secure  a  well  finished  surface.  The  points  to  be  considered  when  se- 
lecting the  wheel  and  adjusting  the  work  speed,  have  been  referred  to 
separately  in  Chapter  III,  to  avoid  confusion.  We  shall  assume  that  a 
wheel  of  the  proper  grade  and  grain  has  been  mounted  on  the  spindle 
of  the  grinder  and  that  a  machine  similar  to  the  one  shown  in  Fig.  2 
is  to  be  used.  We  shall  also  assume  that  the  work  has  been  rough 
turned  in  a  lathe  to  within  about  0.010  inch  of  the  required  size. 

The  headstock  H  and  footstock  F  are  first  set  the  required  distance 
apart  and  then  the  work  is  placed  between  the  centers  with  a  driving 
dog  attached  to  the  headstock  end,  as  illustrated  in  Fig.  7.  The  same 
center  holes  upon  which  the  part  was  turned,  are  also  used  when  grind- 
ing, and  they  should  be  carefully  cleaned  before  placing  the  shaft  in  the 
machine.  The  centers  should  also  be  oiled,  because,  as  previously  men- 
tioned, work  of  this  kind  rotates  upon  the  "dead"  centers  of  the  ma- 
chine, which  remain  stationary  in  order  to  secure  greater  accuracy. 
When  the  shaft  is  in  place,  the  reversing  dogs  J  and  Ji  are  set  to  give 
the  table  the  right  length  of  stroke.  The  travel  should  be  reversed 
when  a  small  part  of  the  wheel  face  has  passed  the  end  of  the  piece 
being  ground.  If  the  stroke  is  too  long,  more  time  will  be  required  for 
taking  a  cut  than  is  necessary. 

As  the  part  is  to  be  ground  cylindrical  or  straight,  the  swivel  table  A 
should  be  set  to  the  zero  position.  The  headstock  H  must  also  be  set  to 
zero,  as  otherwise  the  centers  will  not  be  in  alignment.  It  should  be 
remembered  that  the  graduations  are  only  intended  to  give  an  approxi- 
mate setting,  and  when  accuracy  is  required,  it  is  necessary  to  test  the 
work  by  using  a  micrometer  or  gages.  This  test  is  made  by  first  taking 
a  trial  cut  and  then  measuring  the  diameter  of  the  work  at  each  end. 
If  there  is  any  variation,  the  table  is  turned  slightly  in  whatever  direc- 
tion may  be  required  to  produce  a  cylindrical  surface,  by  using  the 
fine  adjusting  screw  M,  Fig.  2. 

Setting  the  Automatic  Feed 

When  starting  a  cut  and  setting  the  automatic  feed,  the  grinding 

wheel  is  moved  in  by  hand  until  it  is  almost  in  contact  with  the  work. 

The  stroke  of  the  table  is  then  stopped  by  pushing  in  knob  Q,  (with  this 

particular  machine)   and  pawl  P  is  placed  into  engagement  with  the 
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ratchet  wheel.  The  latch  O  (see  Fig.  3)  is  then  raised  and  the  head  N 
moved  around  the  periphery  of  the  ratchet  wheel  until  the  point  of 
shield  M  has  just  passed  the  tooth  occupied  hy  the  pawl,  so  that  the 
latter  rests  upon  the  shield.  After  the  table  stroke  is  again  started, 
thumb-latch  T  is  pressed  until  the  grinding  wheel  begins  to  cut.  When 
the  surface  is  ground  true,  the  table  is  stopped  when  the  grinding 
wheel  is  at  the  footstock  end,  and  the  diameter  of  the  part  ground  is 
measured  with  a  micrometer.  The  thumb  latch  T  of  the  automatic  feed 
is  then  pressed  once  for  each  quarter  of  a  thousandth  to  be  removed. 
To  illustrate,  suppose  the  diameter,  after  the  surface  has  been  trued,  is 
2.057  inch.  Then  there  would  be  0.007  inch  stock  to  remove  (2.057  — 
2.050  =  0.007;  hence,  the  latch  would  be  pressed  twenty-eight  times, 
thus  moving  shield  M  far  enough  away  from  the  feed  pawl  to  allow  the 
latter  to  continue  feeding  until  0.007  inch  has  been  ground  away. 

When  the  feed  has  been  set,  the  table  traverse  is  again  started  and 
the  grinding  continued  until  the  feed  is  disengaged.  The  wheel  should 
then  be  stopped  at  the  footstock  end,  as  before,  when  the  density  of 
the  sparks  thrown  off  by  the  wheel  have  diminished  somewhat  and  are 
about  the  same  as  for  the  final  cut  taken  prior  to  the  first  measure- 
ment. If  a  suitable  wheel  has  been  used  and  the  work  rotated  at  the 
proper  speed,  the  diameter  should  be  very  close  to  2.050  inch,  because, 
in  this  case,  a  comparatively  small  amount  has  been  ground  away,  ahd, 
consequently,  the  wheel  wear  would  be  almost  negligible.  On  the  other 
hand,  where  it  is  necessary  to  remove  considerable  stock,  the  diameter 
of  the  work  might  be  somewhat  above  the  size  for  which  the  automatic 
feed  was  set,  owing  to  the  wear  of  the  grinding  wheel..  After  the 
amount  of  wheel  wear  for  removing  a  given  amount  of  stock  is  deter- 
mined, the  automatic  feed  can  be  set  to  compensate  for  this  wear,  when 
grinding  a  duplicate  part.  For  example,  if  the  diameter  of  the  work 
were  0.001  inch  over  size,  the  latch  P  would  be  pressed  four  times  or 
once  for  each  quarter  thousandth  reduction  required,  and  the  grinding 
continued  until  the  feed  was  again  automatically  disengaged.  After  this 
disengagement  takes  place,  the  traversing  movement  of  the  work  should 
be  continued  until  the  wheel  has  practically  ceased  cutting,  as  shown 
by  the  decrease  in  the  shower  of  sparks. 

By  noting  the  sparks  and  then  stopping  the  machine  when  the  volume 
or  density  is  practically  the  same  for  the  final  cut,  duplicate  parts  can 
be  ground  to  a  given  diameter  within  close  limit;  in  fact  the  shower 
of  sparks  thrown  off  by  the  grinding  wheel  is  a  very  convenient  and 
sensitive  indication  of  the  depth  of  the  cut,  and,  with  a  little  practice, 
it  is  possible  to  gage  the  cut  to  within  very  close  limits  by  this  method, 
^n  interesting  experiment  was  made  to  determine  what  the  depth  of  a 
cut  would  be  when  the  sparks  were  just  visible.  A  hardened  steel  gage 
was  ground  very  carefully  and,  when  taking  the  final  cut,  the  work  was 
traversed  past  the  wheel  until  no  sparks  were  visible.  The  exact  diam- 
eter of  the  gage  was  then  found  by  using  a  measuring  machine,  after 
which  the  gage  was  again  .placed  in  the  grinder  and  the  wheel  was 
fed  forward  very  slowly  until  sparks  were  just  visible.  The  gage  was 
then  traversed  past  the  wheel,  as  before,  until  all  the  sparks  had  disap- 
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peared.     Then  by  again  measuring  the  diameter,  it  was  found  that  a 
reduction  of  0.00001  inch  had  been  made. 

One  not  experienced  in  grinding  machine  operation  should  become 
familiar  with  the  gelation  between  the  shower  of  sparks  thrown  off  by 
the  wheel  and  the  depth  of  the  cut,  so  that  a  given  amount  of  stock  can 
be  ground  away  without  wasting  too  much  time  in  measuring.  It  is 
well  for  the  inexperienced  operator  to  note  the  density  of  the  spai^ks 
when  cuts  of  a  known  depth  are  being  taken.  With  a  little  practice, 
one  can  Judge  the  depth  of  a  cut  by  this  method  with  considerable 
accuracy. 

When  one  shaft  is  ground  and  another  is  to  be  inserted  in  the  ma- 
chine, pawl  P  is  disengaged  and  handwheel  L  is  turned  to  the  right 
about  one  revolution  (without  changing  the  position  of  shield  M)  in 
order  to  move  the  wheel  away  from  the  work.  The  latter  is  then  re- 
moved and  replaced  by  a  rough  shaft.  When  the  new  blank  is  in 
position,  wheel  L  is  turned  to  the  left  until  the  grinding  wheel  begins 
to  cut.  Then  pawl  P  is  again  placed  in  mesh  with  the  ratchet  wheel, 
which  causes  the  automatic  feed  to  operate  as  previously  described. 

While  the  automatic  feed  will  enable  parts  to  be  ground  to  a  given 
diameter  within  close  limits,  this  diameter  should,  of  course,  always  be 
measured  either  with  a  micrometer  or  by  the  use  of  a  fixed  gage.  As 
previously  intimated,  the  accuracy  of  the  automatic  feed  for  grinding 
to  the  diameter  for  which  it  is  set,  depends  upon  the  amount  the  wheel 
wears,  and  the  wheel  .wear,  in  turn,  is  governed  by  the  "grade"  of  the 
wheel  and  the  surface  speed  of  the  work.  When  a  wheel  of  the  proper 
grade  is  used  and  surface  speeds  of  the  wheel  and  work  are  correct, 
the  wear  is  surprisingly  small  and,  in  some  instances,  quite  a  number 
of  duplicate  parts  can  be  ground  without  compensating  for  the  wheel 
wear. 

Taking  Bouflrhinflr  and  Finlshinflr  Cuts 

The  exact  method  of  procedure  when  grinding  cylindrical  parts  often 
depends  on  the  number  of  pieces  to  be  ground  and  their  shape.  A 
single  shaft  having  a  diameter  of,  say,  2  inches  and  a  length  of  12 
inches,  could  be  ground  by  simply  placing  it  between  the  centers  with 
a  dog  attached  and  proceeding  as  described  in  the  foregoing.  On  the 
other  hand,  if  the  shaft  were  long  and  flexible,  it  would  have  to  be 
supported  by  work-rests  to  prevent  deflection  and  vibration.  A  single 
shaft  might  also  be  finished  by  taking  a  number  of  light  cuts  which 
would  be,  practically,  a  succession  of  finishing  cuts,  whereas  a  number 
of  pieces  would  be  first  "rough"  ground  and  then  finished. 

The  difference  between  roughing  and  finishing  in  the  grinder  is  as 
follows:  For  roughing,  a  fast  side  traversing  movement  is  used  that 
is  almost  equal  to  the  face  width  of  the  wheel,  and  comparatively  deep 
cuts  are  taken,  whereas,  for  finishing,  the  side  feed  and  depth  of  cut 
are  reduced  in  order  to  obtain  a  fine,  smooth  finish.  The  rotative  speed 
of  the  work  is  also  changed  for  finishing;  in  some  shops  the  speed  is 
increased,  whereas  in  others  it  is  diminished.  This  variation  in  prac- 
tice is  doubtless  due  to  the  use  of  different  machines  and  grinding 
wheels.    The  method  commonly  employed  for  ordinary  machine  grind- 
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ing  is  to  use  a  coarse,  free-cutting  wheel  and  a  work  speed  that  is  fast 
enough  to  keep  the  wheel  "sharp"  and  permit  rapid  grinding.  The 
same  wheel  is  then  used  for  finishing  after  it  has  heen  trued  with  the 
diamond,  and  the  work  speed  is  reduced  to  get  a  finer  finish  than  would 
be  possible  with  the  higher  speed  used  for  roughing.  The  advantage  of 
rough  grinding  and  then  finishing  by  a  separate  operation,  is  that  the 
st^ck  can  be  removed  more  rapidly  by  the  roughing  operation.  It  is 
necessary,  however,  to  true  the  wheel  face  before  taking  the  finishing 
cut  and  when  grinding  a  single  part,  it  might  be  better  to  simply  take 
a  number  of  light  cuts  in  order  to  keep  the  face  of  the  wheel  true. 

The  following  example  will  serve  to  illustrate  one  method  of  handling 
a  grinding  machine  when  the  parts  are  first  rough  ground  close  to  size 
and  then  finished  by  light  cuts.    Suppose  there  are  a  number  of  cylin- 


Fiff.  8.    (A)  Wheel  with  Excessive  Bide  Traverse  or  Feed.    (B)  Wlieel  f»edlnff 
laterally  a  Praodon  of  its  Width  for  each  Revolution  of  the  Work 

drlcal  rods  which  have  been  rough  turned  in  the  lathe  to  within  0.020 
inch  of  the  finish  size,  and  are  to  be  ground  to  a  diameter  of  2  inches 
and  be  given  a  good  finish.  Before  beginning  to  grind,  a  number  of 
steadyrests  should  be  clamped  to  the  table  of  the  machine  and  adjusted 
against  the  work  to  prevent  the  latter  from  springing  and  vibrating. 
These  rests  are  made  in  several  different  styles  and  the  number  that 
should  be  used  depends  on  the  length  of  the  work.  This  matter  of 
supporting  the  work  is  very  important,  and  will  be  referred  to  subse- 
quently. The  grinder  is  next  set  to  the  right  length  of  stroke,  and  the 
feed  of  the  table  (or  side  traverse  of  the  wheel)  as  well  as  the  work 
speed,  should  also  be  properly  adjusted. 

The  wear  of  a  grinding  wheel,  as  previously  mentioned,  depends  very 
much  on  the  surface  speed  of  the  work,  the  wear  increasing  as  the 
work  speed  is  increased.  Hence  it  is  the  modern  practice  to  use  a  com- 
paratively slow  work  speed  in  conjunction  with  a  coarse  side  feed  of 
the  wheel  when  it  is  important  to  grind  rapidly;  that  is,  instead  of  feed- 
ing the  wheel  a  distance  equal  to  only  %  or  %  its  width  per  revolution 
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of  the  work,  it  id  given  a  side  feed  that  is  only  a  little  less  than  the 
full  width  of  the  wheel  face.  Comparatively  wide  wheels  are  also  used 
in  modern  machines,  so  that  the  surface  heing  ground  is  covered  quite 
rapidly. 

Suppose  the  work  is  rotated  fast  enough  to  give  a  surface  speed  of 
25  feet  per  minute  and  the  fastest  side  feed  is  engaged  in  order  to  de- 
termine hy  trial  what  combination  will  give  the  best  results.  When 
the  wheel  is  brought  into  contact  with  the  work,  if  it  leaves  coarse, 
spiral  feed  lines  (as  shown  at  A,  Fig.  8)  having  a  greater  pitch  than 
the  width  of  the  wheel,  the  side  feed  should  be  reduced  until  the  wheel 
does  not  leave  any  unground  surface.  In  other  words,  the  side  feed 
should  be  somewhat  less  than  the  wheel  width  in  order  to  grind  a 


Fl^.  9.   Tmlnff  Face  of  Orlndlng  Wheel  by  use  of  Diamond  Tool 

smooth  surface,  free  from  ridges.  On  the  contrary,  if  the  fastest  side 
feed  only  moves  the  wheel  laterally  a  fraction  of  its  full  width  (as  indi- 
cated by  the  narrow  feed  lines  at  B)  the  work  speed  should  be  reduced 
until  the  side  feed  is  nearly  equal  to  the  wheel  width.  Owing  to  the 
rapid  side  feed,  the  wheel  will  pass  over  the  surface  being  ground  in  a 
comparatively  short  time,  and  by  using  a  rather  slow  work  speed,  the 
wear  of  the  wheel  is  minimized.  This  method  of  grinding  is  employed 
when  using  large  machines,  which  have  sufficient  driving  power  to 
enable  such  broad  cuts  to  be  taken  and  are  rigid  enough  to  prevent 
excessive  vibration.  When  a  small  light  grinder  is  employed,  it  is  not 
always  feasible  to  take  such  wide  cuts,  owing  to  the  lack  of  rigidity 
and  driving  power.  The  depth  of  the  cut  or  the  amount  that  the  wheel 
feeds  inward  at  each  reversal,  is  also  controlled  by  the  power  and 
rigidity  of  the  machine  used. 

After  the  stroke,  side  fe^d  and  work  speed  have  been  properly  ad- 
Justed,  the  feed  mechanism  is  set  to  give  the  desired  depth  of  cut.  We 
shall  assume  that  in  this  case  a  cut  of  0.001  inch  is  to  be  taken  at  each 
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reversal,  which  would  reduce  the  diameter  0.002  inch  for  each  passage 
of  the  wheel.  As  soon  as  the  rough  turned  surface  has  been  ground 
true,  the  wheel  should  be  allowed  to  pass  across  the  work  without  feed- 
ing it  inward,  until  the  sparks  diminish  somewhat  thus  showing  that 
the  wheel  has  practically  ceased  cutting.  The  diameter  is  then  meas- 
ured to  find  out  how  much  stock  must  be  removed  by  roughing.  Sup- 
pose the  diameter  \&  2.016  inch  and  we  want  to  rough  grind  to  within 
about  0.002  inch  of  the  finish  size  or  to  a  diameter  of  2.002  inches; 
there  would  then  be  0.014  inch  to  be  removed  by  rough  grinding,  and 
the  automatic  feed  would  be  set  for  this  amount.  The  machine  is  then 
started  and  the  grinding  continued  until  the  feed  is  disengaged  and  the 
wheel  has  practically  ceased  cutting  as  before.    The  diameter  is  then 


FI9.  10.    Orlndlntf  Wlieela  of  Different  Shape 

again  measured  and  the  difference  between  this  measurement  and  2.002 
inch  will  show  how  much  the  wheel  has  worn.  If  the  wheel  wear  should 
oe  excessive,  it  would  be  well  to  try  a  finer  feed  when  grinding  the 
next  piece. 

We  shall  assume  that  the  rods  are  to  be  rough  ground  to  a  diameter 
somewhere  between  the  limits  of  2.0015  and  2.0025  inch,  and  that  the 
diameter  of  the  first  piece  was  0.002  or  0.003  inch  over  the  maximum 
size  when  the  automatic  feed  tripped.  This  stock  should  first  be  re- 
moved by  putting  on  additional  feed  and  then  another  blank  should  be 
placed  in  the  machine  and  the  roughing  operation  repeated,  but  with  a 
reduced  feed  in  order  to  diminish  the  wheel  wear.  By  a  little  experic 
menting  we  should  be  able  to  find  what  combination  would  give  the 
best  results.  All  parts  are  then  rough  ground,  and  whenever  the  wheel 
has  worn  to  such  an  extent  that  the  diameter  is  greater  than  the  maxi- 
mum limit  of  2.0025  inches,  enough  additional  feed  is  "put  on"  to  grind 
the  next  blank  to  the  minimum  roughing  limit  of  2.0015  inches.  After 
all  of  the  pieces  have  been  roughed  out,  in  this  way,  the  wheel  should 
be  trued  for  finishing,  as  explained  in  the  next  paragraph.  The  finish- 
ing cuts  are  then  taken  after  the  side  feed  of  the  wheel  and  the  surface 
speed  of  the  work  have  been  reduced,  to  obtain  a  smoother  finish. 
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As  little  stock  is  removed  when  finishing,  it  should  be  possible  to  grind 
a  number  of  parts  without  compensating  for  wheel  wear^ 

TmlnflT  a  Grindlnflr  Wheel 
The  grinding  wheel  should  never  be  used  unless  it  runs  true  and  has 
an  even  bearing  on  the  surface  of  the  work.  In  other  words,  the  face  of 
the  wheel  should  be  parallel  with  the  surface  being  ground,  and  it  is 
especially  important  to  have  a  true,  even  wheel  face  when  taking  a 
finishing  cut.  The  only  satisfactory  method  of  truing  a  wheel  is  by 
the  use  of  a  diamond  tool.  This  tool  is  clamped  to  the  footstock  of  the 
machine  (as  shown  in  Fig.  9),  or  in  a  special  holder  attached  to  the 
table,  and  the  stroke  is  adjusted  so  that  the  diamond  point  A  will  just 
clear  the  wheel  face  on  each  side.  The  wheel,  which  should  revolve  at 
the  speed  required  for  grinding,  is  then  trued  by  bringing  it  into  contact 
whh  the  diamond  as  the  latter  travels  back  and  forth.  Very  light  cuts 
should  be  taken  and  water  used  to  keep  the  diamond  cool.  The 
diamond  tool  should  be  held  with  the  point  quite  close  to  the  clamp  or 
point  of  support  in  order  to  reduce  vibration  and  give  a  smooth  accurate 
wheel  surface.  Diamond  tools  usually  have  round  shanks  to  permit 
clamping  them  in  different  positions  so  that  the  wear  on  the  diamond 
will  not  be  confined  to  one  to  two  points.  When  truing  the  wheel,  light 
cuts  should  be  taken  and  the  diamond  traversed  across  the  face  with  a 
uniform  speed.  The  number  of  times  that  the  wheel  has  to  be  trued  de- 
pends upon  the  character  of  the  work  and  the  kind  of  wheel  used.  If  it 
is  necessary  to  remove  considerable  stock,  the  wheel  may  have  to  be 
trued  before  taking  each  finishing  cut,  provivded  the  roughing  and  fin- 
ishing operations  are  performed  successively.  When  a  number  of 
duplicate  parts  are  ground,  this  is  avovided  by  first  rough  grinding  them 
all  and  then  truing  the  wheel  once  for  finishing  the  entire  lot,  or  as 
many  parts  as  the  wheel  will  grind  satisfactorily. 

Shapes  of  Orindinflr  Wheels 
Grinding  wheels  are  made  in  a  great  many  different  shapes  and  sizes 
for  use  in  different  types  of  grinding  machines,  and  on  different  classes 
of  work.  A  plain  disk-shaped  wheel  A,  Fig.  10,  is  used  for  most  cylin- 
drical grinding.  The  diameter  and  width  of  the  wheel,  for  ordinary 
work,  depends,  principally,  upon  the  size  and  power  of  the  machine. 
The  type  of  wheel  shown  at  B  is  intended  for  grinding  up  to  a  large 
shoulder.  It  is  mounted  on  the  end  of  the  spindle  and  is  dished  at  the 
center,  so  that  the  retaining  nut  on  the  spindle  will  not  project  beyond 
the  side  of  the  wheel  and  strike  the  shoulder.  Wheel  C  is  especially 
adapted  for  facing  the  ends  of  bushings  or  small  shoulders.  When  the 
wheel  is  used  for  end  facing,  the  grinding  is  done  by  the  side,  which  is 
recessed  to  reduce  the  contact  area.  The  saucer-shaped  wheel  D  is  ex- 
tensively used  for  grinding  formed  milling  cutters,  etc.,  especially  on 
regular  tool-  and  cutter-grinding  machines.  The  cup  wheel  E  is  used 
for  grinding  flat  surfaces  by  traversing  the  work  past  the  end  or  face 
of  the  wheel.  The  cylindrical  or  ring-wheel  F  is  also  used  for  producing 
flat  surfaces  and  grinds  on  the  end  or  face.  The  cup  wheel  is  attached 
directly  to  the  spindle  but  the  ring-wheel  is  held  in  a  special  chuck. 
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Thin  wheels  O  are  used  for  sharpening  cutters,  reamers,  etc.,  or  for 
cutting  off  stock.  Grinding  wheels  are  made  in  many  other  shapes, 
hut  most  of  them  are  modifications  of  the  few  styles  referred  to. 

Bests  or  Supports  for  the  Work 

Practically  all  parts  that  are  ground  on  centers  should  be  supported 
by  suitable  work-rests  or  "steadies,"  as  their  use  will  permit  taking 
deeper  cuts  with  coarser  feeds  and  also  increase  the  "sizing  power**  of 
the  wheel.  When  grinding  long  and  slender  parts,  such  supports  are 
indispensable,  and  even  for  work  which  is  short  and  rigid,  rests  are 
desirable  to  prevent  vibration,  which  increases  wheel  wear  and  affectA 
the  quality  of  the  ground  surface.  These  rests  or  supports  are  fast- 
ened to  the  table  of  the  machine  and  are  equipped  with  shoes  of  hard 


Wig.  11.    ITnlversal  Baok>rest  fbr  Supporting  Work  bein^  Oround 

wood  or  soft  metal  which  bear  against  the  piece  being  ground.  The 
number  of  rests  used,  depends  on  the  form  and  diameter  of  the  work. 
According  to  a  commonly  accepted  rule,  the  distance  between  each  rest 
should  be  from  six  to  ten  times  the  diameter  of  the  part  being  ground. 

Work-rests  are  made  in  several  different  styles,  and  they  may  be  di- 
vided into  two  general  classes  which  differ  in  that  one  type  is  rigid  and 
the  other  flexible.  The  rigid  rest  gives  a  positive  unyielding  support, 
whereas  the  flexible  rest,  as  the  name  implies,  can  yield  more  or  less, 
the  supporting  shoe  being  held  against  the  work  by  springs.  Most  rigid 
rests  must  be  readjusted  by  hand  as  the  diameter  of  the  work  is  reduced 
by  grinding,  whereas  the  shoes  of  the  flexible  type  adjust  themselves 
automatically  after  the  rest  is  properly  set.  Then  there  is  another  form 
of  rest  which  has  spring  tension  but  can  be  made  rigid  when  desirable, 
and  still  another  type  is  so  designed,  that  the  supporting  shoes  are 
adjusted  automatically  but  the  support  is  unyielding. 

A  design  of  work-rest  that  has  been  extensively  used,  is  shown  in 
Fig.  11.    This  is  a  spring  or  flexible  type  and  is  called  a  universal  back- 
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rest.  The  work  W  is  supported  by  the  shoes  8  and  8i  which  are  held 
yieldingly  but  quite  firmly  in  position,  by  means  of  springs  located  at 
A  and  B.  Adjustable  stops  C  and  D  are  provided  to  prevent  the  springs 
from  forcing  the  work  against  the  wheel  after  the  part  has  been  ground 
to  the  required  diameter.  When  these  stops  are  correctly  set,  no  pres- 
sure is  exerted  by  the  springs  upon  the  shoe  after  the  work  has  been 
reduced  to  the  finished  size.  Provision  is  also  made  for  regulating  the 
pressure  of  the  springs  to  adapt  the  rest  to  either  light  or  heavy  work. 
After  the  stops  are  once  set,  duplicate  parts  can  be  ground  to  the  same 
diameter  without  readjusting  the  rests. 

Fig.  12  shows  how  four  of  these  back-rests  are  used  for  supporting  a 
long  shaft  which  is  being  ground.    After  they  are  clamped  to  the  table 


Fl^.  12.    OrlndlBff  Maoblne  equipped  with  Four  Unlreraal  Back-rests 

of  the  machine,  the  shoes  of  each  rest  are  adjusted,  independently,  to 
bear  properly  against  the  shaft.  The  way  this  adjustment  is  made  will 
be  more  clearly  understood  by  again  referring  to  Fig.  11.  The  holder 
for  the  shoes  has  trunnions  at  the  top  which  rest  In  V-shaped  notches 
formed  at  the  front  end  of  frame  E.  The  latter  is  connected  at  the  rear 
with  a  link  F  which  is  pivoted  at  its  lower  end.  Spring  B  tends  to  push 
frame  E  forward,  and  the  extent  of  this  forward  movement  is  regulated 
by  stop-screw  C.  In  addition  to  this  motion,  the  shoe  holder  can  also 
be  swiveled  about  its  supporting  trunnions  by  spring  A.  ^hia  spring 
forces  screw  G  against  the  holder,  and  the  movement  of  the  screw  is 
regulated  by  stop  D.  From  the  foregoing,  it  will  be  seen  that  spring  B 
forces  shoe  8  against  the  rear  side  of  the  work,  whereas  spring  A  forces 
shoe  8i  in  an  upward  direction.  Moreover,  the  pressure  of  the  shoes 
can  be  arrested  (after  the  work  has  been  ground  to  a  given  diameter) 
by  setting  stops  C  and  D  in  the  proper  position. 
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In  adjusting  a  back  rest,  screw  G  is  turned  out  far  enough  to  allow 
the  shoe  to  clear  the  work,  and  nut  H  is  loosened  to  entirely  relieve  the 
tension  of  spring  B.  Stop  screw  C  is  also  turned  back,  and  nut  /  is 
screwed  in  to  slightly  compress  spring  A.  Screw  G  is  next  turned  for- 
ward to  bring  the  shoes  into  contact  with  the  work.  The  shoes  are  then 
held  lightly  in  position  and  screw  C  is  turned  until  the  end  just  touches 
its  stop  or  seat.  With  screw  C  in  this  position,  both  shoes  should  bear 
evenly  against  the  work.  Spring  B  is  next  compressed  somewhat  by 
turning  nut  H.  The  combined  pressure  of  screws  A  and  B  should  be 
only  sufficient  to  resist  the  wheel  pressure  when  taking  the  final  cut, 
and  also  to  prevent  vibration. 

When  grinding  the  trial  piece  for  adjusting  the  work-rests,  the  screws 
G  on  the  different  rests  are  used  to  keep  the  shoes  in  contact  with  the 


Fiff.  18.    Orlndlny  Close  to  a  Shoulder— Plan  View 

work,  and  the  diameter  at  various  points  is  regulated  by  adjusting  stop- 
screws  C  When  the  rests  are  correctly  set,  screws  G  are  only  adjusted 
to  compensate  for  the  wear  of  the  shoes,  and  screws  C  are  used  for  the 
delicate  diameter  adjustments.  When  short  stiff  pieces  are  being  ground, 
the  cylindrical  form  is  obtained  from  the  machine  centers,  but  when 
the  work  is  long  and  flexible,  the  control  of  the  cenetrs  is  limited  and 
they  only  steady  the  ends;  consequently,  in  order  to  grind  a  slender 
sh&ft  or  rod  cylindrical  from  one  end  to  the  other,  it  is  necessary  to 
rely  on  the  adjustment  of  the  work-rests. 

Before  adjusting  the  rests  it  is  the  practice  in  some  shops  to  gri^||(| 
true  "spots"  for  each  of  the  supporting  shoes.  In  order  to  do  this,  the 
rests  are  first  placed  in  their  respective  positions  and  then  the  machine 
table  is  moved  by  hand  until  one  of  the  rests  is  opposite  the  grinding 
wheel.  The  work  is  next  "spotted"  or  trued  by  feeding  the  wheel  in 
against  the  revolving  work,  while  the  table  remains  stationary.  The 
diameter  of  the  surface  ground  in  this  way  should  be  within,  say  0.002 
inch  of  the  finished  size,  although  a  larger  allowance  may  be  needed  in 
certain  cases.     This  "spotting"  operation  is  repeated  by  successively 
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placing  each  work-rest  in  front  of  the  grinding  wheel  and  proceeding 
as  described.  When  spotting  a  very  flexible  shaft,  it  is  well  to  first 
grind  a  spot  for  the  work-rest  nearest  the  footstock  and  then  place  this 
rest  in  position.  The  rest  nearest  the  headstock  is  then  located  in  the 
same  manner  and  in  this  way  a  support  \&  provided  for  the  work,  while 
spotting  for  the  rests  In  the  center  of  the  shaft.  The  practice  of 
grinding  spots  is  not  to  be  recommended  for  ordinary  work,  and,  in 
many  shops,  parts  are  never  "spotted"  prior  to  grinding,  even  when 
they  are  ground  from  the  rough. 

There  is  a  difference  of  opinion  among  grinding  machine  operators 
and  manufacturers  regarding  the  relative  merits  of  the  rigid  work-rest 
and  the  flexible  or  spring  type.  Some  advise  the  use  of  spring-rests  for 
supporting  light  slender  work,  and  the  fixed  or  rigid  form  when  grind- 
ing heavy  stiff  parts,  whereas  others  advocate  the  use  of  rigid  rests  for 
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Fl^r*  14.    Spedal  Bnd-drlTlnff  Doff  appUed  to  Shaft  fbr  Orlndlnir  entire 
Length  In  One  Operation 

light  as  well  as  heavy  work.  It  is  also  the  practice  in  some  shops  to 
use  spring-rests  almost  exclusively.  Satisfactory  results  can  doubtless 
be  obtained  with  each  type,  under  favorable  conditions.  When  the  work 
is  light  and  flexible,  spring-rests  are  often  used  in  preference  to  the  fixed 
form.  On  the  other  hand,  when  a  heavy  rigid  piece  is  being  ground, 
solid  unyielding  rests  are  commonly  employed  to  provide  as  solid  a 
support  as  possible  in  order  to  absorb  vibration  and  prevent  chattering. 
When  chattering  is  caused  by  vibration  of  the  work,  owing  to  im- 
proper supports,  the  surface  left  by  the  grinding  wheel  has  minute, 
parallel  ridges  which  spoil  the  finish;  moreover  the  vibration  which 
produces  the  chatter  marks  causes  excessive  wheel  wear  and  greatly 
affects  the  efficiency  of  the  grinding  operation.  Chatter  marks  are  also 
caused  by  defects  in  the  machine  itself,  in  which  case  they  have  a  spiral 
form.  Sometimes  the  wheel  spindle  vibrates  either  because  it  is  too 
light  or  the  bearings  are  too  loosely  adjusted.  Chattering  is  also  pro- 
duced by  an  unbalanced  or  improperly  trued  wheel,  and  the  jar  from  a 
large  stiff  belt-joint  will  also  set  up  vibrations  that  are  copied  on  the 
work  in  the  form  of  chatter  marks.    In  some  instances,  chattering  can 
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be  eliminated  by  a  slight  change  in  the  work  speed  or  by  using  a  wheel 
of  different  grade;  but,  in  other  cases,  the  remedy  is  not  so  simple, 
especially  when  the  trouble  is  caused  by  the  design,  construction  or 
mounting  of  the  machine. 

OrindiniT  Olose  to  a  Shotilder 
Occasionally  it  is  necessary  to  grind  close  to  a  shoulder,  as  indicated^ 
in  the  plan  view.  Fig.  13.  This  can  be  done  by  setting  the  wheel  close 
to  the  shoulder  with  the  hand  adjustment  and  then  feeding  it  straight 
in  until  the  diameter  next  to  the  shoulder  is  reduced  to  the  finished 
size  or  slightly  above  it;  the  remaining  surface  between  the  shoulder 
and  the  end  of  the  work  is  then  ground  by  using  the  power  traverse 
movement  in  the  usual  way.  The  object  in  first  grinding  close  to  the 
shoulder  is  to  provide  a  clearance  space  so  that  the  wheel  does  not  have 


Vig.  16.    Taper  Orlndlnff  b7  BwlveUnff  Platen  to  Required  An^rle 


to  travel  close  up  to  the  shoulder.  It  is  also  possible  to  grind  close  to  a 
shoulder  without  providing  a  clearance  space,  by  carefully  adjusting  the 
stroke  dogs  to  reverse  the  table  when  the  wheel  is  almost  against  the 
shoulder.  When  this  method  is  employed,  the  dog  which  controls  the 
reversal  at  the  shoulder  end  of  the  travel,  must  be  accurately  located 
to  prevent  the  wheel  from  striking,  and  it  may  be  necessary  to  adjust 
this  dog  for  each  piece  ground,  because  the  center  holes  usually  vary 
more  or  less  in  depth  and  any  such  variation  would  change  the  position 
of  the  shoulder  with  relation  to  the  wheel.  The  result  is  that  consider- 
able time  is  wasted  in  adjusting  the  stroke,  and  for  that  reason  the  first 
method  referred  to  is  preferable.  With  the  second  method,  the  surface 
next  to  a  shoulder  is  also  likely  to  be  left  a  little  large  unless  the  wheel 
is  allowed  to  dwell  for  a  short  time  at  the  extreme  end  of  the  stroke. 
With  the  machine  illustrated  in  Fig.  2  this  dwell  can  be  obtained  by 
pushing  in  the  knob  located  in  the  center  of  the  handwheel  /.  The  table 
traverse  is  again  started  by  pulling  out  this  knob.    The  machine  shown 
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in  Fig.  13  is  similar  to  the  one  shown  in  Fig.  4,  but  differs  in  that  it  is 
a  universal  type. 

Special  Bnd-drlvinir  Dogr 

Sometimes  it  is  desirable  to  grind  a  straight  cylindrical  shaft  from 
one  end  to  the  other  at  one  setting.  Of  course  this  cannot  be  done  when 
a  regular  driving  dog  is  used,  because  the  latter  will  interfere  with  the 
movement  of  the  grinding  wheel  Fig.  14  illustrates  a  special  end-driv- 
ing dog  which  is  sometimes  used  in  cases  of  this  kind.  This  dog  has 
pins  A  which  engage  holes  drilled  in  the  end  of  the  work.  The  arm  B 
swings  freely  on  pin  C  and  has  a  hole  which  is  larger  than  the  machine 


Fig.  10.    Orlndtng  Abrupt  Tsp«r  b7  Setting  Wheel-slide  to  Required  Angle 

center  D,  thus  allowing  it  to  turn  on  pin  C  until  the  driving  pins  A  en- 
gage the  holes  on  both  sides.  With  this  arrangement,  the  grinding 
wheel  can  move  across  the  entire  shaft,  thus  permitting  the  latter  to  be 
ground  in  one  operation,  instead  of  refversing  it  on  the  centers  for  grind- 
ing the  driving  or  "dogged"  end. 

Taper  Orindinir 
Taper  parts  are  ground  practically  the  same  ajs  those  that  are  straight 
or  cylindrical,  provided  the  taper  is  not  too  steep  or  abrupt.  The  work 
is  placed  between  the  centers,  as  illustrated  in  Fig.  15,  and  the  table  is 
set  to  the  required  angle  a,  ap  <«hown  by  the  graduations  at  one  end. 
This  adjustment  locates  the  axis  of  the  work  at  an  angle  with  the  table's 
line  of  motion;  hence  a  taper  is  produced,  the  angle  of  which  depends 
upon  the  amount  that  the  swivel  table  is  turned  from  its  central  or 
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parallel  position.  There  are  usually  two  sets  of  graduations  for  the 
swivel  table,  one  reading  to  degrees  and  the  other  giving  the  taper  in 
inches  per  foot.  The  taper  should  be  tested  before  the  part  is  ground 
to  the  finished  size,  by  using  a  gage  or  in  any  other  available  way. 

The  plan  view,  Fig.  16,  shows  how  a  taper  surface  is  ground  when  the 
angle  is  beyond  the  range  of  the  swivel  table.  The  wheel  slide  A  (which 
is  normally  at  right  angles  to  the  table)  is  set  to  bring  its  line  of  motion 
parallel  with  the  taper  to  be  ground.  The  upper  wheel  stand  B  is  also 
set  at  right  angles  to  slide  A,  to  locate  the  wheel  face  parallel  with  the 
taper  surface.  The  table  of  the  machine  should  be  set  in  the  zero  posi- 
tion, so  that  the  angular  graduations  on  the  wheel  slide  base  will  give 
correct  readings  with  relation  to  the  axis  of  the  work.    After  adjusting 


Vlg.  17.    Ortndlng  wttli  Side  of  a  Beoeased  Wheel 


the  table  to  the  proper  longitudinal  position,  the  grinding  is  done  by 
moving  the  wheel  across  the  taper  surface  by  using  the  hand  cross-feed, 
and  the  depth  of  each  cut  is  regulated  by  slight  longitudinal  adjustments 
of  the  table.  When  the  taper  Is  tested,  if  any  adjustment  is  necessary, 
this  can  be  made  by  the  table  adjusting  screw.  Evidently  an  operation 
of  this  kind  must  be  done  on  a  universal  machine,  because  the  wheel 
slide  of  a  plain  type  does  not  have  the  angular  adjustment. 

Parts  having  a  double  or  compound  taper  can  be  ground  at  one  setting, 
provided  one  taper  is  within  the  range  of  the  swivel  table.  The  latter 
is  set  for  the  smaller  angle  and  the  wheel  slide  for  the  greater  angle,  as 
indicated  by  the  sketch  A,  Fig.  18.  The  wheel  is  set  at  right  angles  to 
the  longest  surface  and  one  corner  is  beveled  to  suit  the  other  surface. 
One  part  is  then  ground  by  traversing  the  table,  and  the  other  by  mov- 
ing the  wheel  slide.  The  wheel  base,  in  this  instance,  should  be  set  to 
an  angle  corresponding  to  the  sum  of  the  angles  of  both  tapers,  as 
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measured  from  the  axis.    The  sum  of  both  angles,  in  the  example  illus- 
trated, is  50  degrees. 

Grindlngr  with  Side  of  Wheel 

When  it  is  necessary  to  grind  bushings  or  sleeves,  they  are  sometimes 
mounted  on  a  mandrel  as  shown  at  A,  Fig.  17.  This  view  illustrates 
how  the  end  of  a  bushing  is  finished  by  grinding  with  the  side  of  the 
wheel.  A  wheel  for  end  facing  should  be  soft  and  porous  and  it  should 
also  be  recessed  on  the  sides  (as  shown  by  the  sectional  view)  to  reduce 
the  working  area.    The  grinding  should  be  done  by  moving  the  work 


Flff.  18.    (A)  CMndlngr  a  Double  Taper  by  Traverslnir  b^th  Platen  and  Wheel 
Slide.    (B)  Orindlnff  the  Side  of  «  Disk 

endwise  against  the  side  of  the  wheel,  instead  of  traversing  the  wheel 
laterally.  This  method  of  facing  the  ends  of  cylindrical  parts  is  only 
employed  when  the  surfaces  are  quite  narrow.  Sketoh  B  indicates  how 
the  jaws  of  a  caliper  gage  are  ground  by  the  side  of  the  wheel.  The 
gage  is  held  in  a  fixture  attached  to  the  table  of  the  machine  and  the 
wheel  is  traversed  across  the  face  of  the  jaw  being  ground.  It  is  neces- 
sary to  traverse  the  wheel  in  this  instance  because  the  work  is  not 
revolving. 

Use  of  the  Universal  Head 

The  headstock  of  the  universal  grinder  is  used  for  holding  and  revolv- 
ing many  parts,  such  as  saws,  milling  cutters,  and  other  pieces  that 
cannot  be  revolved  between  the  centers.  Sometimes  the  work  is  held 
in  an  ordinary  chuck  screwed  to  the  headstock  spindle,  and  special 
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collet  chucks  or  fixtures  are  also  employed,  as  well  as  magnetic  chucks, 
where  electric  power  is  available.  Sketch  B,  Fig.  18,  illustrates  how  the 
side  of  a  plain,  flat  disk  is  ground.  The  headstock  spindle  is  s6t  at 
right  angles  to  the  table,  and  the  work,  in  this  case,  is  held  in  a  four- 
jawed  chuck.  When  grinding,  the  wheel  operates  on  only  one  side  of 
the  disk,  and  the  automatic  table  traverse  is  used.  If  the  surface  must 
be  flat  it  can  be  tested  with  a  straightedge  or  by  allowing  the  wheel  to 
pass  clear  across  the  face  and  noting  the  density  of  the  sparks  on  both 
sides.  When  the  sparks  show  the  same  at  all  points  the  surface  is  flat 
within  close  limits.  The  fine  adjusting  screw  for  the  table  should  be 
used  for  making  adjustments.  Obviously,  concave  or  convex  surfaces 
can  be  ground  by  setting  the  headstock  to  the  required  angle. 


Flff.  19.    Orlndlnff  Side  of  Steel  Ring  which  Is  held  by  a  MagneUo  Chuck 

Fig.  19  illustrates  the  use  of  a  magnetic  chuck  attachment  for  face 
grinding.  The  operation,  is  that  of  grinding  the  sides  of  a  steel  ring  A. 
As  these  sides  must  be  flat,  the  headstock  spindle  is  set  at  right  angles 
to  the  wheel  spindle.  The  work  is  rotated  by  a  belt  (not  in  place)  which 
passes  over  a  pulley  located  just  back  of  the  magnetic  chuck  B.  The 
current  for  magnetizing  the  chuck  is  conveyed  through  the  wires  and 
brushes  shown.  The  wheels  used  for  grinding  flat  surfaces  should  be 
of  a  softer  grade  than  for  cylindrical  work,  owing  to  the  greater  contact 
area. 

Truingr  Orindingr  Machine  Centers 

Fig.  20  illustrates  how  a  universal  grinding  machine  is  used  to  true  its 
own  centers.  The  headstock  is  set  to  an  angle  of  30  degrees,  giving  an 
included  standard  angle  of  60  degrees,  and  the  grinding  is  done  by 
traversing  the  wheel  across  the  conical  surface.  The  tailstock  center 
is  ground  first  by  inserting  it  in  the  headstock  spindle,  these  centers 
being  interchangeable.  The  table  stroke  should  be  adjusted  so  that 
the  wheel  overlaps  the  taper  surface  slightly  on  each  side,  and  a  copious 
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supply  of  water  should  be  used,  when  grinding,  to  prevent  drawing  the 
temper  of  the  hardened  centers.  The  centers  of  a  plain  grinder  are 
inserted  in  a  special  fixture  while  being  trued.  This  fixture  is  clamped 
to  the  table  and  holds  the  center  at  an  angle  of  30  degrees.  It  is  very 
important  to  keep  the  centers  in  good  condition,  as  otherwise  parts 
ground  upon  them  will  not  be  accurate. 

Preparation  of  Work  for  Orindlng 

The  amount  of  stock  that  can  economically  be  removed  by  grinding 
depends  largely  on  the  size  and  power  of  the  grinding  machine.  The 
modern  practice,  when  using  heavy  machines,  is  to  reduce  the  work  in 
a  lathe  to  within  somewhere  between  0.015  and  0.030  inch  of  the  re- 
quired diameter  and  then  finish  by  grinding.  The  lathe  is  simply  used 
for  roughing,  and  the  stock  is  removed  by  taking  one  or  more  coarse 


Flff.  20.    Tralag  Oonioal  Center  of  a  UxdTersal  Orinder 

cuts,  leaving  a  rough  surface  on  the  work.  When  the  diameter  has 
been  reduced  to  within  say  0.025  inch  of  the  finished  size  by  turning, 
it  is  more  economical  to  remove  this  stock  by  grinding  than  by  taking 
a  light  finishing  cut  in  the  lathe.  It  is  also  practicable,  in  some  cases, 
to  grind  bar  stock  from  the  rough  without  any  preliminary  turning 
operation,  although  most  work  is  first  turned.  When  using  a  light 
grinder  the  allowance  for  grinding  must  be  comparatively  small  and 
is  governed  more  or  less,  in  any  case,  by  the  size  and  character  of  the 
work,  as  well  as  by  the  power  and  stock-removing  capacity  of  the 
grinding  machine. 

Parts  which  have  been  hardened  are  occasionally  so  distorted  by  the 
hardening  process  that  they  cannot  be  finished  to  the  required  size. 
Straightening  can  then  be  resorted  to,  but  this  should  not  be  done 
while  the  work  is  cold,  as  there  is  always  a  tendency  for  the  piece  to 
resume  its  original  shape  owing  to  internal  strains,  and  even  if  prop- 
erly heated,  there  is  more  or  less  danger  of  such  distortion.  When  a 
hardened  part  must  be  straightened  it  should  first  be  heated  (though 
not  enough  to  anneal  it)  and  then  straightened  in  a  press.    By  proper 
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annealing  prior  to  the  hardening  process,  this  tendency  to  spring  out 
of  shape  is  often  overcome.  The  annealing,  which  releases  the  internal 
strains  incident  to  the  rolling  or  forging  operations,  should  take  place 
after  the  outer  surface  has  been  removed  in  the  lathe;  then  if  the 
work  runs  practically  true  when  tested,  it  can  be  machined  to  the 
grinding  size,  but  if  the  piece  is  badly  warped,  it  should  be  heated  to 
a  cherry  red,  straightened,  and  then  annealed  as  before.  Whenever 
possible,  grinding  should  be  done  last,  so  that  the  work  will  not  be 
marred  or  sprung  out  of  true  by  other  machining  operations  that  may 
be  performed  later.  Key  ways  in  shafts,  etc.,  should  invariably  be 
finished  prior  to  grinding,  as  the  removal  of  metal  for  the  keyway 
from  one  side  of  the  shaft  will  often  distort  the  latter. 

The  machine  itself  should  be  carefully  examined  frequently,  as  its 
efficiency  often  depends  upon  a  little  intelligent  care.  The  bearings, 
particularly  of  the  wheel  spindle,  should  be  carefully  adjusted  to  elimi- 
nate all  lost  motion,  and  the  cross-slide  for  the  grinding  wheel  should 
be  thoroughly  oiled  so  that  it  moves  freely.  The  centers  in  the  wwk 
should  correspond  to  the  angle  of  the  machine  centers  and  be  carefully 
cleaned  and  oiled  before  the  work  is  placed  in  position.  When  a 
grinding  wheel  is  being  mounted  on  the  spindle,  see  that  the  central 
hole  is  a  close  but  easy  fit.  If  the  diameter  of  the  hole  is  about  0.005 
inch  large,  the  wheel  will  slide  on  without  cramping,  and  it  will  not 
only  have  a  good  fit  on  the  spindle,  but  an  even  ^bearing  against  the 
inside  fiange.  Soft  washers  of  blotter  or  rubber  should  be  placed  be- 
tween the  wheel  and  fianges  on  each  side,  as  they  compensate  for  any 
roughness  in  the  wheel  and  distribute  the  clamping  pressure  evenly. 
The  fianges  Should  be  tightened  just  enough  to  hold  the  wheel  firmly, 
to  avoid  any  unnecessary  strain. 
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GBINDINa  WHEELS- WORK  SPEEDS 

If  satisfactory  work  is  to  be  done  in  the  grinder  it  is  absolutely 
essential  that  the  grinding  wheel  be  of  a  grade  and  grain  which  is 
adapted  for  the  material  to  be  ground.  Grinding  wheels  are  composed 
of  a  large  number  of  grains  or  kernels  of  some  suitable  abrasive 
material,  such  as  alundum,  corundum  or  carborundum,  which  are  held 
together  by  what  is  known  as  a  bond.  By  varying  the  amount  and 
composition  of  this  bond,  wheels  of  different  grades  are  obtained.  The 
term  grade  does  not  refer  to  the  degree  of  hardness  of  the  abrasive, 
but  to  the  tenacity  with  which  the  bond  holds  the  grit  in  place.  A 
wheel  from  which  the  grit  of  cutting  particles  can  easily  be  dislodged 
is  called  soft,  and  one  which  holds  the  particles  securely  is  referred  to 
as  a  hard  wheel. 

The  degree  of  hardness  or  grade  of  a  wheel  is  commonly  denoted  by 
the  letters  of  the  alphabet.  According  to  one  system  the  letter  M  repre- 
sents a  medium  grade  and  the  successive  order  of  letters  preceding  and 
following  M  denote  softer  and  harder  wheels.  For  example,  grade  E 
is  soft;  grade  /,  medium  soft;  if,  medium;  Q,  medium  hard;  U,  hard; 
Y,  extremely  hard;  whereas  the  intermediate  letters  indicate  grades 
between  those  mentioned.  Thus  wheel  L  is  one  grade  softer  than  M,  and 
N  one  grade  or  degree  harder.  This  method  of  grading  wheels  is  not 
universal,  as  a  standard  system  has  never  been  adopted  by  the  difPerent 
manufacturers. 

The  grain  or  coarseness  of  a  wheel  is  designated  by  numbers  which 
indicate  the  number  of  meshes  to  the  square  inch  through  which  the 
kernels  of  grit  will  pass.  To  Illustrate,  a  36  grain  means  that  the 
grains  or  cutting  particles  will  pass  through  a  sieve  having  36  meshes 
to  the  linear  inch.  The  combination  of  grade  and  grain  is  marked  on 
the  side  of  the  wheel  by  using  the  letter  for  the  grade  and  the  number 
for  the  grain;  thus  a  36-M  wheel  is  one  having  cutting  material  of  No. 
6^  grain  and  a  medium  degree  of  hardness. 

Selection  of  Wheel  for  Grinding 

When  selecting  a  grinding  wheel  there  are  several  factors  which 
must  be  considered.  The  grade  and  grain  depend  largely  upon  the 
character  of  the  material  to  be  ground  and  its  degree  of  hardness.  For 
example,  machinery  steel  requires  a  harder  wheel  than  hardened  tool 
steel.  The  reason  for  this  will  perhaps  be  better  understood  if  we 
think  of  a  grinding  wheel  as  a  cutter  having  attached  to  its  periphery 
an  innumerable  number  of  small  teetn,  for  this  is  literally  what  the 
thousands  of  small  grains  of  abrasive  are.  When  the  wheel  is  of  the 
proper  grade  these  suiall  teeth  or  cutting  particles  are  held  in  place 
by  the  bond  until  they  becumt;  tou  dull  to  cut  effectively,  when  they 
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are  torn  out  of  place  by  the  increased  friction.  Obviously  these  grains 
or  cutters  will  become  dulled  sooner  when  grinding  hard  than  when 
grinding  soft  steel;  hence,  as  a  general  rule,  the  harder  the  material, 
the  softer  the  wheel,  and  vice  versa. 

When  a  hard  wheel  is  used  for  grinding  hard  material,  the  grit  be- 
comes dulled,  but  it  is  not  dislodged  as  rapidly  as  it  should  be,  with 
the  result  that  the  periphery  of  the  wheel  is  worn  smooth  or  glazed, 
so  that  grinding  is  impossible  without  excessive  wheel  pressure.  Any 
undue  pressure  tends  to  distort  the  work,  and  this  tendency  is  still 
further  increased  by  the  excessive  heat  generated.  If  the  surface  of 
the  wheel  becomes  "loaded"  with  chips  and  burns  the  work,  even  when 
plenty  of  water  is  used,  it  is  too  hard. 

Soft  materials,  such  as  brass,  are  ground  with  a  soft  wheel,  which 
crumbles  easily,  thus  preventing  the  wheel  from  becoming  loaded  or 
clogged  with  metal,  as  would  be  the  case  if  a  hard-bonded  wheel  were 
used.  When  a  wheel  is  used  which  is  too  soft,  the  wear  is,  of  course, 
greatly  increased,  as  the  particles  of  grit  are  dislodged  too  rapidly,  and, 
consequently,  the  wheel  is  always  "sharp."  This  means  that  the 
abrasive  has  not  done  sufficient  work  to  become  even  slightly  dulled, 
and  the  result  is  a  rough  surface  on  the  work. 

The  area  of  the  surface  which  is  in  contact  with  the  wheel  should 
also  be  considered  when  selecting  the  proper  grade.  For  a  given  ma- 
terial the  wheel  should  be  softer  as  the  area  increases.  To  illustrate, 
a  wheel  of  grade  N  might  be  suitable  for  grinding  cylindrical  pieces  2 
inches  in  diameter,  but  not  suitable  for  a  diameter  of  4  inches,  l)ecause 
of  the  increased  contact  area,  owing  to  the  increase  in  diameter. 

The  grain  or  degree  of  coarseness  of  the  wheel  is  another  point  to  be 
considered  when  making  a  selection.  Grenerally  speaking,  coarse  wheels 
are  better  adapted  to  most  work  because  the  larger  grains  permit 
deeper  cuts  to  be  taken.  When  a  very  fine  finish  is  required,  particu- 
larly on  a  number  of  duplicate  pieces,  fine  wheels  are  sometimes  used 
for  finishing,  after  the  work  has  been  ground  to  within,  say,  0.002  inch 
of  the  required  size  with  a  coarse  wheel.  It  is  not  necesss^ry.  however, 
to  use  a  fine  wheel  in  order  to  obtain  a  smooth  surface,  as  a  wheel  of 
comparatively  coarse  grain  will  produce  a  finish  fine  enough  for  most 
purposes,  if  the  work  speed  is  reduced  somewhat  and  the  wheel  is  trued 
with  a  diamond  just  before  taking  the  finishing  cut;  in  fact,  very  fine 
surfaces  can  be  obtained  with  a  comparatively  coarse  wheel,  provided 
there  is  tne  proper  relation  between  the  surface  speeds  of  the  wheel  and 
work.  When  roughing  cuts  are  being  taken,  the  cutting  particles  are 
constantly  worn  away  or  dislodged  so  that  the  face  of  the  wheel  is 
kept  rough  or  "sharp,"  and  the  ground  surface  is  also  comparatively 
rough.  After  the  wheel  face  has  been  trued  with  a  diamonod,  however, 
light  finishing  cuts,  in  conjunction  with  a  reduced  work  speed,  will  give 
a  finish  which  is  smooth  enough  for  all  practical  purposes,  even  though 
a  fairly  coarse  wheel  Is  used. 

Incidentally,  it  is  not  always  the  highly  polished  surface  which 
represents  the  most  accurate  work,  because  this  finish  is  sometimes 
obtained  at  the  expenes  of  accuracy,  by  using  hard  wheels  that  require 
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80  much  pressure  to  make  them  grind  that  the  work  is  distorted.  In 
order  to  secure  accuracy,  the  wheel  must  cut  freely  and  without  per- 
ceptible pressure.  Sometimes  a  coarse  wheel  refuses  to  cut  after  a 
surface  has  been  finished  to  a  certain  point,  because  the  cutting  particles 
wear  off  somewhat  and  the  ends  become  too  large  and  blunt  to  enter 
the  smooth  surface.  If  this  occurs,  the  wheel  should  be  trued  with  a 
diamond  or  be  replaced  with  one  of  finer  grain.  When  grinding  brass 
or  soft  bronze  the  grain  of  the  wheel  must  be  as  fine  as  the  finish 
desired;  in  other  words,  it  is  not  practicable  to  use  a  coarse  wheel  for 
finishing  these  metals. 

Peripheral  Speed  of  Work  and  Grinding  Wheel 

A  wheel  which  is  perfectly  adapted  to  grinding  a  certain  kind  of  ma- 
terial will  not  work  satisfactorily  if  the  relative  surface  speeds  of  the 
wheel  and  work  are  not  approximately  correct.  The  work  speed  affects 
the  wear  of  the  wheel,  which,  when  excessive,  also  affects  the  finish  of 
the  surface  being  ground.  The  amount  of  stock  that  the  wheel  re- 
moves for  a  given  amount  of  wear  can  be  increased  or  diminished  by 
varying  the  work  speed,  the  wheel  wear  being  excessive  when  the  speed 
is  too  high.  This  close  relation  between  the  work  speed  and  the  wheel 
wear  makes  it  possible  to  use  a  wheel  which  is  somewhat  harder  than 
it  should  be  for  a  given  piece  of  work,  by  increasing  the  work  speed, 
with  the  result  that  the  grit  is  dislodged  more  easily,  and,  consequently, 
does  not  remain  long  enough  to  cause  glazing,  which  would  otherwise 
take  place;   this  practice,  however,  is  not  to  be  recommended. 

As  there  are  a  number  of  factors,  such  as  kind  of  material,  finish 
desired,  etc.,  which  determine  the  proper  work  speed,  it  is  impractical 
to  say  just  what  this  speed  should  be  unless  the  conditions  are  known. 
A  speed  of  twenty-five  feet  per  minute  might  be  correct  for  grinding  a 
certain  piece  of  steel,  and  not  correct  for  another  steel  part  having  a 
different  carbon  content.  The  finish  of  a  ground  surface,  as  previously 
stated,  is  also  affected  by  the  work  speed.  It  is  possible  to  grind  a 
very  rough  or  smooth  surface  by  simply  varying  the  speed,  depth  of 
cut  and  side  feed  of  wheel,  the  surface  becoming  smoother  as  these 
are  diminished.  For  this  reason  the  speed  and  feeds  ( when  within,  say, 
0.002  inch  of  the  finish  size)  are  often  reduced  before  taking  the  finish- 
ing cuts.  The  best  method  of  ascertaining  the  proper  speed  for  a  given 
piece  of  work,  and,  incidentally,  of  determining  the  best  wheel  to  use, 
is  by  experimenting  until  the  desired  results  are  obtained.  This  does 
not  necessarily  mean  that  whenever  a  new  piece  of  work  is  to  be 
ground  considerable  time  must  be  wasted,  as  the  speed  adjustments 
are  easily  made,  and  besides,  experience  will  soon  teach  what  combi- 
nations of  speed  will  give  the  best  results. 

The  peripheral  or  surface  speed  of  a  grinding  wheel  is  usually  some- 
where between  5500  and  6000  feet  per  minute,  although  speeds 
between  5000  and  6500  feet  per  minute  are  employed.  As  the 
wheel  diminishes  in  size,  it  appears  to  get  softer,  even  though  the 
peripheral  or  surface  speed  is  maintained.  This  increase  in  wear  is  due 
to  the  fact  that  the  grit  of  a  small  wheel  is  in  contact  with  the  work 
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oftener  owing  to  the  increased  number  of  revolutions  necessary  for  the 
same  surface  speed. 

It  should  always  be  remembered  that  the  thing  to  be  sought  after 
is  maximum  production.  When  choosing  a  grinding  wheel,  for  ex- 
ample, if  one  too  hard  for  the  work  is  selected  with  the  idea  of  reduc- 
ing the  wheel  wear,  the  corresponding  reduction  in  the  output  will 
much  more  than  off-set  the  increased  expense  incurred  by  using  a  softer 
and  more  rapidly  wearing  wheel.  The  wheel  wear,  however,  should 
be  considered,  and,  as  it  is  dependent  upon  the  work  speed,  the  vibra- 
tion of  the  work,  and  depth  of  cut,  these  should  receive  careful  atten- 
tion. When  certain  combinations  of  speed,  feed,  etc.,  have  been  found 
correct  for  a  certain  kind  and  size  of  material,  it  is  advisable  to  record 
this  Information  for  future  reference,  for  while  such  data  may  not 
always  be  applicable,  owing  to  a  difference  in  the  grade  of  the  material, 
it  will,  in  many  instances,  enable  one  to  save  considerable  time. 

Composition  of  Orlndingr  Wheels 

There  are  several  kinds  of  abrasive  materials  used  in  the  manu- 
facture of  grinding  wheels,  and  the  composition  of  the  bond  for  hold- 
ing the  abrasive  grains  together  in  the  form  of  a  wheel  is  also  varied 
to  produce  wheels  adapted  to  different  purposes.  At  one  time  prac- 
tically all  grinding  wheels  were  made  of  emery,  but  other  materials 
possessing  superior  cutting  qualities  are  now  largely  employed  for 
machine  grinding.  Three  of  the  abrasives  commonly  used  in  modern 
grinding  wheels  are  corundum  carborundum  and  alundum.  Both 
emery  and  corundum  are  natural  abrasives,  whereas  the  other  materials 
mentioned  are  produced  artificially.  Corundum  is  much  purer  than 
emery  and  contains  a  much  larger  percentage  of  crystalline  alumina, 
which  is  the  element  in  both  abrasives  that  does  the  cutting. 

Carborundum,  which  is  a  trade  name  for  carbide  of  silicon,  is  a 
product  of  the  electric  furnace.  The  principal  materials  used  in  the 
manufacture  of  carborundum  are  coke  and  sand.  The  coke  is  used  to 
supply  the  carbon,  and  the  sand  the  silicon*.  These  elem'ents  are  placed 
in  an  electric  furnace,  where  they  are  subjected  to  a  temperature  rang- 
ing between  7000  and  7500  degrees  F.,  for  a  period  of  thirty-six  hours. 
In  this  terrific  heat  all  impurities  in  the  coke  and  sand  are  destroyed 
and  the  carbon  and  silicon  unite  to  form  masses  of  carborundum 
crystals.  These  crystals  are  only  inferior  to  the  diamond  in  hardness. 
After  the  furnace  is  cooled  the  masses  of  crystalline  carborundum  are 
crushed  to  grains  which  are  subjected  to  various  forms  of  treatment 
and  are  finely  graded.  Alundum  is  also  made  in  the  electric  furnace 
by  the  fusion  of  a  mineral  called  Bauxite,  which  was  considered  in- 
fusible until  the  invention  of  the  electric  process.  The  chemical  com- 
position of  alundum  is  similar  to  the  ruby  and  sapphire  which  are  the 
hardest  natural  minerals,  except  the  diamond. 

In  the  manufacture  of  grinding  wheels  the  abrasive  grains  are  bound 
together  by  mixing  them  with  an  adhesive  substance  or  "bond."  which 
is  hsually  composed  either  of  clays  and  fiuxes,  silicate  of  soda,  or 
shellac. 
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The  Vitrified  Process 
When  clays  are  used  they  are  thoroughly  mixed  with  the  abrasive  in 
large  power-driven  mixing  kettles.  This  mixture  is  then  drawn  off 
into  molds  and  dried.  The  wheels  are  then  shaved  off  to  the  proper 
shape  in  a  special  machine,  after  which  they  are  baked  or  burned  con- 
tinuously for  a  period  of  100  hours  or  more,  the  time  defending  upon 
the  size  of  the  wheels.  During  this  baking  process  the  temperature 
is  gradually  raised  until  the  clay  is  partially  melted  and  vitrified.  The 
wheels  are  then  allowed  to  cool  slowly  for  a  week,  and  great  care  must 
be  taken  to  maintain  uniform  temperatures  and  prevent  sudden  changes. 
As  the  cooling  takes  place  the  clay  crystallizes  and  binds  the  abrasive 
grains  firmly  together.  This  is  known  as  the  vitrified  process  and  is 
the  method  employed  for  making  most  grinding  wheels. 

The  Silicate  and  Elastic  Processes 

There  are  two  other  common  methods  of  making  grinding  wheels, 
one  of  which  is  known  as  the  silicate,  and  the  other  as  the  elastic 
process.  With  the  silicate  process,  silicate  of  soda  is  the  principal 
ingredient  of  the  bond.  The  abrasive  grains  are  first  mixed  with  the 
bond  in  special  machines,  and  the  mixture  is  then  tamped  into  molds. 
After  the  wheels  are  molded  they  are  dried  and  baked  in  special  ovens. 
The  temperature  of  these  ovens  is  much  lower  than  is  requird  in  con- 
nection with  the  vitrified  process. 

Wheels  made  by  the  elastic  process  have  shellac  as  the  principal 
ingredient  of  the  bond.  They  are  also  molded  and  then  baked  at  a 
comparatively  low  temperature  to  set  the  shellac.  Wheels  made  by  this 
process  have  great  tensile  strength  and  aldo  a  certain  amount  of 
elasticity  so  that  very  thin  wheels  can  be  safely  used;  in  fact  elastic 
wheels  only  1/32  inch  thick  are  manufactured.  Elastic  wheels  are  also 
made  by  what  is  known  as  the  Vulcanite  process,  in  which  case  the 
bond  is  composed  of  vulcanized  rubber.  Tough,  thin  wheels  can  be 
produced  by  this  method,  but  they  are  very  expensive. 

The  vitrified  wheel  is  generally  considered  superior  for  most  grind- 
ing operations,  as  it  is  very  porous  and  free  cutting.  It  is  adapted  to 
cylindrical  and  surface  grinding,  and  for  a  variety  of  other  operations. 
Vitrified  wheels  are  difficult  to  make  in  large  sizes  as  they  are  liable 
to  crank  in  the  kiln,  and  the  process  requires  about  four  weeks,  which 
is  sometimes  a  decided  disadvantage.  Silicate  wheels  are  recom- 
mended for  wet  tool  grinding,  wet  surface  grinding  (especially  when 
cup  wheels  are  used),  and  whenever  accuracy  of  grading  is  required. 
Silicate  wheels  can  be  made  in  large  sizes  and  the  process  only  re- 
quires a  few  days,  which  is  an  advantage,  particularly  when  special 
shapes  are  needed. 
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The  grinding  of  holes  is  known  as  internal  grinding.  This  class  of 
work  is  done  on  universal  machines  and  also  on  special  types  designed 
exclusively  for  Internal  grinding.  When  a  universal  cylindrical  grinder 
is  employed  for  internal  work  it  is  equipped  with  an  Internal  grinding 
attachment  Fig.  21  shows  how  an  internal  attachment  is  applied  to 
a  Landis  machine.  The  regular  wheel  head  is  turned  half  way  around 
on  its  slide,  and  the  internal  fixture  A  is  bolted  to  the  front  of  the  slide 
after  the  wheel-guard  has  been  removed.     The  spindle  of  the  internal 


Fig.  21.    Landla  Universal  Oxinder  equipped  with  Internal  Grinding  Attachment 

fixture  is  dri-ven  by  a  short  belt  B  connecting  with  a  pulley  which  re- 
places the  regular  grinding  wheel.  The  work  is  held  in  a  chuck 
mounted  on  the  headstock  spindle,  and  the  grinding  is  done  by  a 
wheel  C,  The  wheel  to  use  in  any  case  must,  of  course,  be  somewhat 
smaller  than  the  hole  to  be  ground,  and  the  grinding  is  done  by  travers- 
ing the  wheel  through  the  hole.  The  work  is  rotated  rather  slowly 
when  grinding,  and  the  wheel  cuts  along  one  side  as  it  passes  through. 
The  wheels  used  for  internal  grinding  should  generally  be  softer 
than  those  employed  for  other  grinding  operations,  because  the  contact 
area  between  the  wheel  and  work  is  comparatively  large.  The  wheel 
spindle  is  also  rather  weak  so  that  a  soft  wheel  that  will  cut  with  little 
pressure,  should  be  used  to  prevent  springing  the  spindle.  The  grade 
of  the  wheel  depends  on  the  character  of  the  work  and  the  stifCness  of 
the  machine,  and  where  a  large  variety  of  work  is  being  ground,  it 
may  not  be  practicable  to  have  an  assortment  of  wheels  adapted  to  all 
conditions.    By  adjusting  the  speed,  however,  a  wheel  not  exactly  suited 
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to  the  work  in  hand  can  often  be  used.  If  the  wheel  wears  too  rapidly, 
it  should  be  run  faster,  and  if  it  tends  to  glaze,  the  speed  should  be 
diminished. 

When  adjusting  the  machine  for  grinding  a  hole,  the  length  of  the 
stroke  should  be  regulated  so  that  the  wheel  will  only  travel  beyond 
the  ends  of  the  hole,  one-fourth  or  one-half  its  width,  because  if  it  is 
allowed  to  pass  clear  through  tne  hole,  the  spring  of  the  spindle  will 
cause  the  hole  to  be  ground  "bell-mouthed"  or  large  at  the  ends. 

When  a  hole  is  to  be  ground  straight  or  cylindrical,  the  head  can 
be  accurately  set  by  the  following  method:  Before  attaching  the  in- 
ternal fixture  a  cylindrical  piece  is  gripped  in  the  chuck  and  ground 


Ficr.  32.    Heald  Intarnal  Orlndlnff  Mnohlne 

externally  with  the  regular  wheel.  When  the  head  is  adjusted  so  that 
this  test  piece  is  ground  straight,  then  it  is  properly  set  for  grinding 
a  straight  or  cylindrical  hole.  The  straightness  of  a  hole  can  also  be 
tested  when  grinding  it,  by  the  following  method:  First  grind  the 
hole  true  with  the  wheel  operating  in  its  normal  position  on  the  rear 
sid«;  then  bring,  the  wheel  into  contact  with  the  opposite  side  of  the 
hole  and,  as  it  passes  through,  note  the  density  of  the  sparks  in  order 
to  determine  whether  the  hole  is  straight  or  tapering.  If  the  wheel 
cuts  heavier  as  it  approaches  the  back  end  of  the  hole  the  latter  is 
smaller  at  that  end,  but  if  the  density  of  the  sparks  becomes  less,  the 
hole  is  smaller  in  front.  When  the  sparking  is  even  on  both  sides  the 
hole  is  straight  or  cylindrical. 

The  work  shown  in  Fig.  21  is  held  in  an  ordinary  three-jawed  chuck, 
but  draw-in  collets  and  special  fixtures  are  often  used   for  internal 
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grinding.  When  gripping  frail  parts  in  a  chuck,  care  should  be  taken 
to  prevent  springing  them  out  of  shape.  As  the  pressure  of  grinding 
is  comparatively  light,  it  is  not  necessary  to  clamp  the  work  very 
tightly,  although  if  a  part  is  held  insecurely,  it  may  be  shifted  when 
testing  the  diameter  of  the  hole  with  a  plug  gage,  especially  if  the  gage 
sticks  in  the  hole.  Therefore,  a  greater  clamping  pressure  than  is  neces- 
sary for  grinding  .is  often  required.  In  the  case  of  thin  bushings  and 
similar  work,  this  matter  of  distortion  is  very  important;  for  work  of 
this  class,  the  Heald  Machine  Co.  recommends  the  use  of  a  special  chuck 
which  clamps  endwise,  thus  avoiding  all  radial  pressure  and  distortion. 
Internal  grinding  is  often  done  dry,  although  cooling  water  should 
be  used  whenever  practicable,  as  it  not  only  keeps  the  work  cool  but 
washes  away  the  chips  and  abrasive.  When  a  part  that  has  been  ground 
dry,  is  being  measured  with  a  plug  gage,  the  latter  may  stick  or  "freeze" 
in  the  hole,  unless  the  work  is  cooled  somewhat  before  inserting  the 
gage.  This  sticking  is  due  to  the  fact  that  the  hole  being  ground  is 
expanded  by  the  frictional  heat  of  grinding  and  when  the  cold  plug 
gage  is  inserted,  the  hole  contracts  and  grips  the  gage.  Internal  grind- 
ing wheels  should  be  kept  true  in  order  to  secure  smooth  accurately 
finished  holes.  A  diamond  tool  is  preferable  for  truing  the  wheel  face, 
although  a  piece  of  some  hard  abrasive  such  as  carborundum  can  be 
substituted.  The  diamond  tool  or  carborundum  "rub/*  as  the  case  may 
be,  should  be  held  in  a  fixed  position  when  in  use. 

Heald  Internal  Grinder 

A  machine  that  is  designed  especially  for  internal  grinding  is  shown 
in  Fig.  22.  The  grinding  wheel  head  A  is  mounted  on  a  cross-slide 
which  is  carried  by  the  table  B.  The  latter  has  a  reciprocating  move- 
ment on  the  bed  for  traversing  the  grinding  wheel  C  through  the  hole. 
The  work  is  held  in  some  form  of  chuck  D,  or  in  a  special  fixture,  and 
it  is  rotated  by  a  belt  operating  on  pulley  E.  This  belt  connects  with 
a  pulley  overhead,  the  speed  6t  which  can  be  varied  by  a  change  gear 
box  forming  part  of  the  countershaft.  This  feature  enables  the  work 
speed  to  be  varied  for  grinding  holes  of  different  diameter.  The  pulley 
F  for  driving  the  wheel  spindle,  is  driven  by  belt  from  an  overhead 
drum  which  allows  the  table  to  move  longitudinally.  The  headstock  is 
mounted  on  a  base  O  which  forms  a  bridge  over  the  table  so  that  the 
latter  can  pass  beneath  it.  The  headstock  can  be  set  to  an  angle  of  45 
degrees  either  side  of  the  center-line,  for  grinding  taper  holes.  The 
table  can  be  operated  by  handwheel  H  or  by  power.  Lever  I  engages 
the  power  feed  clutch,  and  the  stroke  of  the  table  and  grinding  wheel 
is  controlled  by  the  position  of  dogs  J  which  engage  reverse  lever  K. 
The  travel  of  the  table  per  revolution  of  the  work  is  controlled  by 
lever  L.  By  means  of  this  lever  three  rates  of  feed  are  obtained  for 
each  work  speed,  a  coarse  feed  being  used  for  rough  grinding  and  finer 
feeds  for  finishing.  The  cross  feed  for  the  wheel  slide  can  be  operated 
either  by  hand  or  automatically.  The  automatic  feed  mechanism  is 
located  just  back  of  wheel  N  which  is  used  for  the  hand  movement. 
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SURFACE  GRINDING 

The  grinding  of  plane  or  flat  surfaces  is  called  surface  grinding. 
There  are  several  different  types  of  surface  grinders,  some  of  which 
are  adapted  principally  to  tool-room  work,  and  others  to  general  manu- 
facturing. .A  common  method  of  grinding  a  flat  surface  \a  indicated 
by  the  diagram  A,  Fig.  23.  The  work  w  is  traversed  to  and  fro  beneath 
the  grinding  wheel  G  (as  indicated  by  the  dotted  lines),  and  either 
the  wheel  or  work  is  fed  laterally  (see  end  view)  at  each  end  of  the 
stroke,  so  that  the  periphery  of  the  wheel  gradually  grinds  the  entire 
surface.  Another  method  of  producing  flat  surfaces  is  illustrated  at 
B.  The  wheel  g,  in  this  instance,  is  a  cup  type,  and  the  vertical  sur- 
face a  is  ground  by  being  traversed  past  the  face  of  the  wheel;  hence 
this  is  often  called  face  grinding. 

Diagram  C  illustrates  the  operation  of  a  vertical  surface  grinder. 
The  grinding  is  done  by  either  a  cup  or  ring  wheel  g,  which  revolves 
about  a  vertical  axis.  The  work  w  is  attached  to  a  reciprocating  table 
and  is  traversed  beneath  the  grinding  wheel.  This  type  of  machine  is 
used  quite  extensively,  at  the  present  time,  and  it  has  proved  very 
efficient  for  work  within  its  range.  Diagram  D  illustrates  the  opera- 
tion of  another  vertical-spindle  machine.  In  this  case  the  work  table 
has  a  rotary  instead  of  a  reciprocating  movement.  This  type  is  especi- 
ally adapted  to  grinding  the  sides  of  flat  disk-shaped  parts,  such  as 
saws,  etc.,  and  for  a  variety  of  other  work.  For  example,  to  flnifih  the 
side  of  a  circular  plate  w,  wheel  g  is  placed  in  the  position  shown  by 
the  plan  view,  and  the  surface  is  ground  as  the  table  and  work  revolve 
in  the  directions  indicated  by  the  arrows.  The  grinding  is  done  by 
the  lower  edge  or  face  of  the  wheel,  and  the  latter  is  slowly  fed  down- 
ward until  the  part  has  been  ground  to  the  required  thickness. 

The  surface  grinder  is  indispensable  in  the  tool-room  for  truing 
parts  that  have  been  distorted  by  hardening  and  for  producing  fine 
accurate  surfaces.  Many  of  the  machines  built  at  the  present  time 
are  also  efficient  for  producing  flat  surfaces  in  connection  with  manu- 
facturing operations.  Ordinarily  the  surface  grinder  is  used  for  finish- 
ing parts  which  have  been  milled  or  planed  approximately  to  size, 
although  many  pieces  are  ground  from  the  rough  on  the  large  machines 
used  for  manufacturing  purposes. 

Fig.  24  shows  a  plain  surface  grinder  of  medium  size  which  operates 
on  the  principle  illustrated  by  diagram  A,  Fig.  23.  The  part  to  be 
ground  is  attached  to  table  A,  and  the  grinding  is  done  by  wheel  Q 
which  can  be  adjusted  to  the  proper  height  by  handwheel  B.  The 
stroke  of  the  table  is  controlled  by  the  position  of  dogs  D  and  Di  which 
operate  the  reverse  lever  C.  As  the  table  reciprocates,  the  wheel  with 
the  column  which  supports  it,  feeds  laterally  at  each  end  of  the  stroke. 
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The  movement  of  the  tableland  the  lateral  feeding  movement  of  the 
wheel  are  automatic  when  grinding,  but  they  can  be  effected  by  hand 
for  making  adjustments.  Crank  E  is  for  traversing  the  table,  and 
wheel  F  operates  the  hand  cross  feed. 


r/5V 


"\2/ 


rr-T- 


1 


Maehtn^rif 


Flir.  128.    Diagrams  lUustratlnff  Four  Methods  of  Ghartece  Orindlixff 

The  belt  which  drives  the  grinding  wheel  connects  with  pulley  H 
and  the  latter  is  driven  by  belt  I  from  an  overhead  shaft.  The  recipro- 
cating movement  of  the  work  table  Is  derived  from  the  belts  J  and  K, 
One  of  these  belts  is  open  and  the  other  crossed,  so  that  the  pulleys 
which  they  engage  rotate  in  opposite  directions.  Interposed  between 
these  pulleys  there  is  a  clutch  which  is  splined  to  a  shaft  that  operates 
the  table  driving  mechanism.    This  clutch  is  engaged  with  first  one  pul- 
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ley  and  then  the  other,  whenever  the  dogs  D  strike  lever  C,  thus 
reversing  the  direction  of  the  table's  movement.  The  motion  of  lever 
C  is  transmitted  to  the  clutch  at  the  rear,  by  means  of  suitable  links 
and  levers.  This  movement  of  lever  C  (which  is  caused  by  engagement 
with  dogs  D),  not  only  operates  the  table,  but  also  operates  the 
mechanism  for  feeding  the  grinding  ^heel  laterally. 

The  traversing  motion  of  the  work  table  can  be  stopped  automatically 
when  the  wheel  has  fed  across  the  part  being  ground,  by  means  of  a 
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Flff.  24.    WaUcer  Stirfaoe  Grinder  of  Reolprocatinsr  Type 

trip  mechanism.  In  connection  with  this  mechanism  there  are  two 
adjustable  collars  mounted  on  a  horizontal  rod  located  on  the  left  side  of 
the  machine.  There  is  also  a  trip-finger  attached  to  the  wheel  housing, 
and  whenever  this  finger  engages  one  of  the  collars,  the  horizontal  rod 
is  shifted  slightly,  which  makes  it  impossible  for  the  reverse  clutch  at 
the  rear  to  engage  the  driving  pulleys;  consequently,  the  reciprocating 
motion  of  the  table  is  stopped.  The  point  at  which  the  trip  mechanism 
operates,  depends  upon  the  position  of  the  stop-collars  which  are  ad- 
Justed  so  that  the  table  will  stop  after  the  wheel  has  passed  across  the 
surface  to  be  ground. 
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Some  surface  grinaera  which  grind  with  the  periphery  of  the  wheel 
like  the  machine  illustrated  in  Fig.  24,  are  designed  along  the  lines  of 
an  ordinary  planer;  in  fact  the  construction  is  almost  identical  except 
that  a  grinding  wheel  is  mounted  on  the  crossrall,  instead  of  a  tool- 
head.  When  this  type  of  machine  is  in  operation,  the  work  tahle  recip- 
rocates and  the  wheel  feeds  laterally  across  the  surface  to  be  ground. 

Horizontal  Face  Orindinsr  Machine 

A  face  grinding  machine  is  illustrated  in  Fig.  25.  This  type  operates 
by  traversing  the  work  past  the  face  of  ring-wheel  G,  as  previously  ex- 
plained in  connection  with  diagram  B,  Fig.  23.  The  part  being  ground 
is  clamped  to  table  A  which  has  an  automatic  reciprocating  movement 


Fiff.  26.    Diamozid  Motoixlrlyen  Faoe  Orlsder 

The  length  of  the  stroke  is  regtilated  by  dogs  (not  in  place)  which 
engage  reverse  lever  C.  The  wheel  has  an  adjustable  automatic  power 
feed,  and  both  the  wheel  and  work  table  can  be  moved  by  hand.  This 
particular  machine  is  driven  by  a  motor  D  which  is  connected  to  the 
wheel  spindle  by  a  belt. 

The  face  grinder  has  some  advantages  over  the  type  of  machine 
using  a  wheel  that  grinds  on  the  periphery.  In  fact,  the  advantages 
are  similar  to  those  which  a  face  milling  cutter  has  over  an  axial 
milling  cutter.  In  the  first  place,  the  power  consumption  is  less  and 
plane  surfaces  are  produced  with  fewer  passes  of  the  grinding  wheel. 
The  radius  of  a  cup  wheel  also  remains  the  same  until  it  is  worn  out, 
instead  of  changing  constantly,  as  with  a  disk  wheel.  The  type  of 
face  grinder  shown  in  Fig.  25,  is  generally  used  for  grinding  quite 
heavy  parts  and  it  is  especially  adapted  to  that  class  of  work  which 
can  be  held  to  better  advantage  when  the  surface  to  be  finished  is  In 
a  vertical  plane.     For  example,  the  ends  of  rather  long  castings,  such 
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83  machine  legs,  etc.,  can  easily  be  ground  on  this  style  of  grinder, 
because  the  work  can  be  clamped  to  the  table  of  the  machine,  in  a 
horizontal  position.  Evidently  it  would  be  impracticable  to  grind  work 
of  this  class  on  a  machine  having  a  vertical  spindle,  because  the  cast- 
ings would  have  to  be  held  in  an  upright  position.  The  horizontal  face 
grinder  is  often  used  in  locomotive  shops  for  truing  or  finishing  the 


Vig,  2©.    Pratt  A  Whitney  Vertioi^l  Burfakoe  Orlnder 

bearing  surfaces  of  guide-bars,  ^and  it  can  be  employed  to  advantage 
for  many  other  grinding  operations. 

Vertical  Surface  Orlnder 
Fig.  26  shows  a  surface  grinder  of  the  vertical  type.  The  grinding 
is  done  by  ring  or  cuj?  wheel  G  which  covers  the  full  width  of  the  work. 
With  this  machine,  the  work  can  be  given  either  a  reciprocating  or 
rotary  motion,  depending  upon  the  shape  of  the  part  being  ground. 
For  grinding  rectangular  surfaces,  or  parts  that  should  move  in  a 
straight  line  beneath  the  wheel,  the  table  A  Is  given  a  reciprocating 
movement,  the  length  of  which  is  controlled  by  dogs  in  the  usual  man- 
ner. On  the  other  hand,  the  sides  of  saws,  rings  or  flat  disk-shaped 
parts  are  rotated  while  being  ground,  by  placing  them  on  a  rotary 
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chuck  which  is  mounted  on  the  grinder  table.  When  the  rotary  chuck 
is  in  use,  the  table  remains  stationary. 

It  will  be  seen  from  the  foregoing  that  this  machine  operates  either 
as  Illustrated  by  diagram  C,  Fig.  23,  or  as  shown  by  diagram  D.  The 
grinding  wheel  and  its  spindle  is  carried  by  a  head  B  which  can  be  fed 
vertically  on  the  face  of  the  column.  The  vertical  feed  can  be  operated 
automatically  or  by  hand,  and  be  disengaged  automatically  at  any  pre- 
determined point  The  reciprocating  table  has  two  rates  of  feed  or 
travel  and  it  can  be  moved  by  hand,  if  desired.  This  grinder  is  equipped 
with  a  pump  for  supplying  cooling  water  to  the  wheel.  The  water  is 
pumped  into  the  hollow  spindle,  at  the  top,  and  passes  down  to  the 
inside  of  the  grinding  wheel,  after  which  it  Is  driven  outward  by  cen- 
trifugal force  between  the  wheel  and  the  work.  An  outside  stream  of 
cooling  water  is  also  provided  and  the  table  is  surrounded  by  a  water 
guard  C  which  prevents  the  water  from  flying  about. 

The  vertical  type  of  grinder  can  be  used  advantageously  for  grinding 
long  rectangular  surfaces,  disk-shaped  parts  (by  using  the  circular 
attachment)  and  it  is  very  efficient  for  grinding  a  number  of  small 
castings  simultaneously.  When  several  parts  are  to  be  ground  at  the 
same  time,  they  are  grouped  on  the  table  of  the  machine  or  on  a  mag- 
netic chuck,  so  that  the  wheel  will  grind  each  casting  as  the  table  feeds 
along.  It  is  comparatively  easy  to  hold  several  small  castings  on  a 
grinder  of  this  type,  because  they  are  placed  horizontally  on  the  ma- 
chine, and,  as  the  wheel  operates  on  the  top  surfaces,  the  pressure  of 
grinding  is  mostly  downward  against  the  table  and  bed,  which  provide 
a  solid  unyielding  support.  This  type  of  machine  is  used  extensively 
for  grinding  from  the  rough;  that  is,  castings  or  forgings  are  finished 
by  grinding  without  any  preliminary  machining  operation,  such  as 
planing  or  milling.  This  practice  is  followed  when  it  is  not  necessary 
to  remove  very  much  metal. 

Rotary  Surface  Orlnder 

Still  another  type  of  surface  grinder  is  shown  in  Fig.  27.  This  ma- 
chine is  designed  for  rotary  grinding  exclusively,  the  principle  of  its 
operation  being  indicated  by  diagram  D,  Fig.  23.  A  cup  wheel  Q  is 
carried  by  an  upper  slide  B  and  the  work  is  held  on  a  rotary  magnetic 
chuck  C  mounted  on  lower  slide  D.  The  wheel  spindle  is  driven  from 
a  horizontal  shaft  at  the  rear  by  a  quarter-turn  belt,  as  shown,  whereas 
the  work  table  is  driven  from  drum  pulley  E.  When  the  machine  is  in 
operation,  the  wheel  is  fed  down  against  the  work  until  the  latter  is 
finished  to  the  required  thickness,  by  operating  hand-lever  F,  The 
wheel  slide  is  fed  against  a  positive  stop,  and  the  thickness  of  the  work 
is  varied  by  adjusting  the  lower  slide  which  is  equipped  with  a  ver- 
tical feed  screw.  This  screw  is  operated  by  handwheel  H  which  is 
graduated  to  thousandths  of  an  inch.  When  the  lower  slide  has  been 
set,  its  position  Is  not  changed  for  successive  operations  except  to  com- 
pensate for  wheel  wear. 

The  link-and-lever  mechanism  seen  at  the  side  of  the  column,  con- 
nects the  wheel  slide  with  a  Jaw  clutch  inside  the  work-table  driving 
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drum,  and  disconnects  this  drum  from  the  shaft  on  which  it  is 
mounted,  when  the  wheel  slide  is  in  the  upper  position.  By  this  means, 
the  work  spindle  is  automatically  stopped  whenever  the  wheel  is  raised 
from  the  work.  As  the  wheel  is  moved  vertically  by  lever  F,  it  will  be 
seen  that  the  latter  controls  the  starting  and  stopping  of  the  work-table. 
This  lever  also  controls  the  magnetizing  current  for  the  chuck,  and 
the  demagnetizing  current  for   neutralizing  the   residual  magnetism 


FiflT.  27.    Walker  Botary  Burfaoe  Ghrlzider  « 

always  found  in  a  magnetic  chuck  after  the  electric  current  has  been 
switched  off.  If  desired,  the  drum-clutch  operating  mechanism  can  be 
disengaged,  and  the  motion  of  the  work-table  be  controlled  Independ- 
ently by  means  of  the  foot  lever  seen  at  the  base  of  the  machine. 

This  machine  can  be  used  for  concave  grinding,  in  which  case  the 
knee  supporting  the  work-table  is  tilted  to  the  required  angle.  Work 
having  a  concave  surface  is  not  held  directly  against  the  magnetic 
chuck,  but  on  an  auxiliary  plate.  The  magnetic  power  of  the  main 
chuck  is  transmitted  through  this  auxiliary  plate,  the  upper  surface 
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of  which  Is  shaped  to  suit  the  surface  of  the  work.  The  use  of  an 
auxiliary  plate  in  connection  with  the  grinding  of  a  milling  saw  is 
illustrated  !n  Fig.  28.  After  the  saw  is  ground  concave  on  one  side,  it 
is  held  for  grinding  the  opposite  side  on  a  plate  A  having  a  convex 
face.  If  the  saw  were  held  for  grinding  the  last  side  against  the  flat 
face  of  the  regular  chuck,  it  would  he  sprung  down  in  the  middle,  so 
that  both  sides  would  not  he  finished  alike,  or  to  the  same  concavity. 
Fig.  29  shows  how  a  number  of  parts  can  be  ground  simultaneously  on 
a  rotary  surface  grinder.  In  this  instance,  three  castings  are  arranged 
in  a  group  on  the  magnetic  chuck,  in  such  a  way  that  they  support 
each  other  to  some  extent,  while  the  top  surfaces  are  being  ground  flat 


Flff.  28.    Oriodlnor  Side  of 
Saw  Concave 


Flff.  20.    Orlndlnfr  Three  Cteatinira 
Bixnultaneoualy 


These  views  indicate,  in  a  general  way,  the  kind  of  work  that  is  grouna 
on  a  machine  of  this  type. 

Use  of  Magnetic  Chucks 

The  method  of  holding  work  to  the  table  of  a  surface  grinder  depends, 
of  course,  more  or  less  on  the  shape  of  the  part  to  be  ground.  Ordinary 
clamps '  and  bolts  are  sometimes  used,  but  where  electric  power  is 
available,  magnetic  chucks  are  preferable  for  most  work.  The  magnetic 
chuck  is  a  special  form  of  electro  magnet  which  is  connected  by  wires 
and  a  control  switch,  with  the  electric  power  circuit.  The  top  surface 
against  which  the  parts  are  held,  has  a  series  of  positive  and  negative 
holes  which  are  separated  by  an  insulating  material.  When  in  ujse, 
the  chuck  is  clamped  onto  the  table  of  the  surface  grinder,  and  the 
work  is  held  by  magnetic  force  when  the  current  is  turned  on. 

A  rectangular  magnetic  chuck  is  illustrated  in  Fig.  30.  This  is  the 
form  used  on  surface  grinders  of  the  reciprocating  type,  whereas  for 
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rotary  grinders,  round  chucks  are  employed.  The  control  switch  is 
located  at  D,  and  the  work  is  held  against  surface  A  which  has  a  num- 
ber of  positive  and  negative  poles,  as  the  engraving  shows.  There  is  a 
thin  steel  aligning  strip  B  attached  to  the  rear  side  of  the  chuck  and 
also  a  vertically  adjustable  back-rest  C  which  is  used  to  support  parts 


Flff.  80.    Walk«r  Itoffnetlo  Ohuok 

that  are  high  in  proportion  to  their  width.  In  addition,  there  is  an 
end-stop  E  having  vertical  adjustment.  The  work  to  be  ground  is 
simply  laid  on  the  chuck  face,  against  end-stop  E  and  the  back-rest  C. 
The  slotted  fingers  E  which-  are  provided  on  this  particular  chuck,  are 
also  used,  in  some  cases,  to  stay  the  work  edgewise  and  prevent  it  from 
shifting.  Magnetic  chucks  are  sometimes  used  on  planers,  as  well  as 
surface  grinders,  in  which  case  fingers  E  are  of  especial  value. 
This  chuck  is  equipped  with  a  duplex  switch  which  enables  the  chuck 
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on  Maornetlo  Ohuok 


face  to  be  demagnetized  so  that  work  can  easily  be  removed  after  the 
grinding  operation.  This  demagnetizing  is  accomplished  by  simply 
reversing  the  current  through  the  chuck  coils,  momentarily,  until  the 
residual  magnetism  is  removed.  In  order  to  do  this,  the  switch  is 
opened  and  moved  until  the  switch  bars  are  nearly  in  contact  with  the 
posts  at  the  opposite  end  of  the  switch.     The  handle  is  then  gripped 
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tightly  with  the  tips  of  the  fingers,  and  the  bars  are  quickly  moved  in 
and  out  of  contact  with  the  posts.  This  movement,  when  timed  cor- 
rectly, will  remove  the  magnetism  lift  by  the  previous  charge.  When 
demagnetizing,  if  the  contact  should  be  for  too  long  a  period,  the  chuck 
will  simply  become  oppositely  charged,  and  in  such  a  case  it  can  be 
discharged  again  by  making  quick  contact  with  the  posts  on  the  oppo- 
site side.  It  should  be  mentioned  that  this  switch  does  not  demagnetize 
the  work  itself.  This  is  necessary,  however,  for  certain  classes  of  work, 
because  some  materials  become  more  or  less  permanently  magnetized 
and  this  causes  them  to  attract  small  particles,  which  is  sometimes 
quite  objectionable.  When  the  work  must  be  demagnetized,  a  special 
apparatus  called  a  demagnetizer  is  used. 

The  way  the  back-rest  C  of  the  magnetic  chuck  shown  in  Fig.  30,  is 
used  is  illustrated  by  the  diagrams  A  and  B,  Fig.  31,  which  represent 
end  views  of  the  chuck.  The  operation  is  that  of  grinding  a  true 
rectangular  block  w.  While  the  sides  are  being  ground,  the  block  is 
held  as  indicated  at  A,  The  edges  are  then  ground  square  with  the 
sides  by  holding  the  block  against  the  aligning  strip  and  back-rest,  as 
shown  at  B.  Sketch  C  shows  how  a  number  of  strips  are  held  on  the 
chuck  and  ground  simultaneously.  When  parts  are  arranged  in  this 
way,  it  is  sometimes  advisable  to  place  magnetic  Insulating  strips  of 
brass  or  paste-board  between  them,  so  that  the  magnetism  will  get  an 
independent  grip  on  each  piece  and  hold  it  firmly  against  the  face  of 
the  chuck. 

Sketch  D,  shows  how  a  piece  is  sometimes  held  for  grinding  the  sides 
square  to  each  other.  Two  of  the  sides,  as  ^t  a  and  6,  are  first  ground 
by  holding  the  work  directly  against  the  face  of  the  magnetic  chuck. 
One  of  these  finished  sides,  as  at  5,  is  then  held  against  the  vertical 
surface  of  an  accurately  finished  square  block  e,  while  the  upper  side  is 
ground.  The  lower  side,  instead  of  resting  directly  on  the  chuck  face, 
is  placed  upon  a  piece  of  drill  rod  to  reduce  the  contact  area.  In  this 
way,  the  work  is  held  more  securely  against  block  e,  than  against  the 
chuck  face,  because  the  holding  power  depends  upon  the  area  of  the 
surface  in  contact  with  the  magnetized  part.  If  the  side  d  were  In 
direct  contact  with  the  chuck  face,  side  &  might  not  be  held  evenly 
against  block  e,  in  which  case  the  work  would  not  be  ground  square. 
In  this  Instance,  the  work  is  further  secured  by  a  block  on  the  right 
side  which  is  separated  by  drill  rod  to  reduce  the  contact  area. 

Magnetic  chucks  are  made  in  many  different  styles  and  shapes.  Some 
are  so  arranged  that  the  clamping  face  can  be  set  at  any  angle  for  taper 
grinding  and  others  have  faces  that  are  vertical.  There  Is  also  the 
rotary  type  which  has  previously  been  referred  to,  and  other  special 
designs.  The  rotary  form  is  used  when  a  continuous  rotary  movement 
is  required,  instead  of  a  reciprocating  motion. 
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Automatic  Screw  Machine  Practice  for  the  Brown  &  Sharpe  auto- 
matic screw  machines  Is  covered  in  eight  Reference  Books.  Nos.  99  to 
106,  inclusive.  Reference  Book  No.  99,  "Operation  of  the  Brown  ft 
Sharpe  Automatic  Screw  Machines/'  deals  with  the  construction  of 
these  machines  and  the  setting-up  of  the  tools.  No.  100,  "Designing  and 
Cutting  Cams  for  Automatic  Screw  Machines/'  gives  detailed  instruction 
on  cam  design,  and  describes  a  simplified  method  for  milling  cams. 
No.  101,  "Circular  Form  and  Cut-off  Tools  for  the  Automatic  Screw 
Machine,"  deals  with  the  general  arrangement  and  the  calculations  of 
these  tools,  and  describes  the  different  methods  employed  in  their 
making.  No.  102,  "External  Cutting  Tools  for  the  Automatic  Screw 
Machine/'  deals  with  the  design  and  construction  of  box-tools,  taper 
turning  tools,  hollow  mills,  and  shaving  tools.  No.  10^,  "Internal  Cut- 
ting Tools  for  the  Automatic  Screw  Machine,"  deals  with  centering 
tools,  cross-slide  drilling  attachments,  counterbores,  reamers,  and  re- 
cessing tools.  No.  104.  "Threading  Operations  on  the  Automatic  Screw 
Machine,"  treats  on  cam  design  for  threading  operations,  threading 
dies,  taps  and  tap  drills,  die  and  tap  holders,  and  thread  rolling.  No. 
105,  "Knurling  Operations  on  the  Automatic  Screw  Machine/'  describes 
the  construction  of  knurling  holders,  and  gives  directions  for  the  mak- 
ing of  knurls  and  the  design  of  tools  and  cams  used  in  connection  with 
knurling  operations.  No.  106,  "Milling,  Cross-drilling  and  Burring 
Operations  on  the  Automatic  Screw  Machine,"  describes  screw-slotting 
attachments,  index  drilling  attachments,  and  burring  attachments,  giv- 
ing directions  for  their  use  and  for  the  design  of  cams  for  them. 
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CHAPTER  I 


CONSTRUCTION  OP  THE  BROWN  &  SHARPB 
AUTOMATIC  SCREW  MACHINES 

The  object  of  this  treatise  is  to  give  the  operator  a  clear  idea  of  the 
construction  of  the  Brown  &  Sharpe  automatic  screw  machines,  so  as 
to  enable  him  to  operate  these  machines  to  the  best  advantage.  The 
various  mechanisms,  together  with  their  functions  and  operation,  will 
be  dealt  with  in  detail,  and  the  procedure  to  follow  in  setting  the  tools 
held  in  the  turret  and  on  the  cross-slide  will  be  illustrated  and  de- 
scribed. The  No.  00  Brown  &  Sharpe  automatic  screw  machine,  front, 
rear  and  plan  views  of  which  are  shown  in  Figs.  1,  2  and  3,  is  made 
the  main  subject  of  this  treatise,  but  wherever  the  Nos.  0  and  2  ma- 
chines differ  in  construction,  these  differences  will  be  explained.  A 
brief  description  of  the  principal  features  of  automatic  turret  forming 
and  cutting-off  machines  will  also  be  included,  together  with  tabular 
and  other  data  of  value  to  the  operator. 

Principles  of  Operation 

Before  proceeding  with  the  description  of  the  construction  of  the 
Brown  &  Sharpe  automatic  screw  machines,  the  general  principles  of 
operation  will  be  briefly  outlined.  The  work  spindle  is  driven  from 
the  overhead  works  by  friction  pulleys  A  and  B,  see  Figs.  1  and  2,  by 
open  and  cross  belts,  thus  providing  for  the  rotation  of  the  work  in 
either  direction.  The  other  operating  mechanisms  receive  their  mo- 
tion from  the  driving  shaft  0,  at  the  rear  (see  Fig.  7),  which  is  driven 
by  pulley  C  from  the  over-head  works.  The  driving  shaft  carries  all 
the  clutches  and  tripping  mechanisms  for  starting  the  machine,  index- 
ing the  turret,  reversing  the  spindle,  feeding  the  stock,  and  opening 
and  closing  the  collet,  and  also  drives  the  front  camshaft  D,  and  the 
lead  camshaft  through  a  worm  and  worm-wheel  and  spur  and  bevel 
gearing. 

The  camshafts,  which  carry  plate  cams  for  operating  the  front  and 
rear  cross-slides  E  and  F  and  turret  slide  G,  are  driven  at  the  required 
speed  for  the  different  jobs  by  means  of  change  gears  H.  A  set  of 
plate  cams  is  made  up  for  each  job;  the  cams  are  held  on  the  shafts 
in  their  correct  relation  to  each  other  by  means  of  locating  pins.  The 
turret  J,  which  carries  the  end-working  tools,  is  provided  with  six 
holes,  and  is  indexed  by  means  of  tripping  levers  operated  by  adjust- 
able dogs  held  on  drum  J.  Drum  K  carries  dogs  for  operating  the 
collet  opening  and  closing  and  feeding  mechanisms.  The  spindle  is 
reversed  when  cutting  a  thread  by  adjustable  dogs  held  on  drum  L, 
which  can  be  detached  from  camshaft  D  by  separating  coupling  M. 
The  length  of  feed  is  controlled  by  rotating  crank  N;  turning  It  to  the 
right  increases  the  length  of  feed,  and  turning  it  to  the  left  shortens 
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it.  The  machine  is  started  and  stopped  by  throwing  the  clutch  O  in  or 
out  by  means  of  handle  P.  When  the  bar  is  exhausted  a  bell  R  is  rung 
to  notify  the  operator. 

Construotion  of  the  Spindle 

The  spindle  A„  see  Fig.  4,  runs  in  phosphor-bronze  bearings  B,  and 
Ci.  The  front  bearing  B^  is  split  and  tapered,  and  is  adjusted  by  means 
of  nuts  Di  and  E^,  in  case  of  wear.  A  brass  liner  is  placed  in  the  slot 
in  the  bearing,  and  when  the  latter  is  worn,  this  liner  should  be  re- 
moved, reduced  to  the  required  thickness,  and  replaced.  When  the 
liner  is  replaced,  nut  A  should  be  tightened.    This  bearing  is  also  pro- 


FiflT.  1.    Front  View  of  No.  GO  Bro'vm  &  Sharpe  Automatlo  Screw  Ifachlne 

vided  with  saw  slots  around  its  circumference,  in  which  strips  of 
wood  are  inserted,  so  that  the  bearing  will  have  more  flexibility  and 
yield  more  easily  to  the  adjusting  nuts. 

The  rear  bearing  C,  is  made  straight,  and  is  held  in  the  box  by  nuts 
F^  and  Gj.  The  thrust  is  taken  at  the  rear  of  the  spindle,  the  thrust 
bearing  consisting  of  a  hardened  steel  washer  H^  and  a  bronze  washer 
/,.  Washer  H,  is  held  against  a  shoulder  on  the  end  of  the  spindle  by 
nut  Gi  and  loose  washer  7i,  the  latter  running  against  the  hardened 
and  ground  inside  face  of  nut  G,.  To  take  up  the  end  play  of  the 
spindle,  loosen  nut  F^  and  tighten  nut  G„  locking  them  in  place  again 
after  adjusting. 

The  pulleys  A  and  B  which  drive  spindle  A,  through  friction  clutch 
B,  are  driven  by  open  and  cross  belts  from  the  countershafting.  The 
pulleys  rotate  freely  on  the  spindle,  being  provided  with  steel  bushings 
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GENERAL  CONSTRUCTION  5 

J,  and  rollers  K^  which  are  held  in  bronze  cages  L,.  The  rollers  run 
on  the  hardened  and  ground  part  of  the  spindle.  The  pulleys  are  oiled 
from  oil  reservoirs,  the  latter  being  filled  by  removing  screws  Iff  Any 
good  machine  oil  is  suitable  for  oiling  these  pulleys. 

Priotion  Clutches 

The  friction  clutch  body  <S  is  tapered  to  an  angle  of  12  degrees  at 
each  end,  and  comes  in  contact  with  the  driving  phlleys  A  or  B,  when 
shifted  in  either  the  one  or  the  other  direction.  It  is  made  from  phos- 
phor-bronze, turned  cone-shaped  on  each  end,  and  slotted  to  hold  clutch 
levers  ^i,  which  are  made  from  double-shear  steel.  These  clutch  levers 
are  held  in  the  clutch  body  by  screws,  and  are  fulcrumed  in  notches 
cut  in  the  spindle.  The  clutch  sleeve  Ox  which  operates  on  these  levers 


FlflT.  2.    Bear  View  of  No.  OO  Brown  &  Sharpe  Automatic  Screw  Ifachine 

is  slotted  to  hold  hardened  steel  shoes  Pi  which  bear  on  the  hardened 
ends  of  the  clutch  levers. 

The  coned  ends  of  the  clutch  body  are  forced  into  the  pulleys  by 
sliding  sleeve  0^  over  levers  "N^-  When  sleeve  Oj  is  forced  to  the  right 
it  depresses  the  right-hand  end  of  levers  ^i,  and  as  the  lower  portion 
of  these  levers  are  fulcrumed  in  the  spindle,  which  cannot  move  longi- 
tudinally, it  is  evident  that  this  action  must  move  the  clutch  body,  be- 
cause the  levers  are  held  to  it  by  screws.  When  the  sleeve  0,  is  forced 
in  the  opposite  direction,  the  same  action  takes  place,  the  cone-end  of 
the  clutch  body  engaging  with  the  pulley  to  the  left.  To  adjust  the 
clutches  to  provide  for  ^ear,  pulleys  A  and  B  are  moved  in  towards 
the  cones  of  the  clutch  body  by  loosening  set-screws  Qi  and  adjusting 
the  nuts  R^. 

The  clutch  sleeve  0,  is  set  central  by  means  of  screws  T,  Fig.  3.  In 
making  this  adjustment  a  slight  play  should  be  allowed  in  the  clutch 
fork  V  to  avoid  friction,  except  at  the  point  of  reversal.  Care  should 
also  be  taken  not  to  run  in  the  screws  V  too  far  into  the  clutch  ring  W, 
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80  as  to  split  it.    This  clutch  is  made  in  halves  and  held  together  hy 
pins. 

On  the  No.  00  machine,  the  spindle  is  reversed  to  run  backwards  by 
means  of  the  spring  plunger  Y,  Fig.  2,  and  on  the  Nos.  0  and  2  ma- 
chines by  the  cam  A,.  The  spring  plunger  on  the  No.  00  machine, 
when  released,  instantly  engages  the  cone  of  the  clutch  with  the  pulley 
nearest  the  collet,  and  rotates  the  spindle  backwards.  To  run  forward, 
the  clutch  is  operated  by  the  cam  A.  to  engage  pulley  B.  Cam  A^  in 
turn,  is  operated  by  clutch  B,,  and  is  released  by  lever  Cj,  one  revolu- 
tion of  the  driving  shaft  being  required  for  the  No.  00,  and  %  revolu- 
tion for  the  Nos.  0  and  2  machines.  Lever  C-,  again,  is  operated  by  a 
dog  held  on  drum  L  on  the  front  camshaft,  see  Figs.  1  and  6. 

Operation  of  the  Springr  Collet 
The  spring  collet  fif„  Fig.  4,  which  holds  the  work,  is  held  in  sleeve 
T^  in  the  front  end  of  the  spindle.    This  sleeve  Ls  driven  by  a  pin  in 


Flff.  3.    Plan  View  of  No.  OO  Brown  &  Bharx>e  Automatlo  Screw  Machine 

the  spindle,  which  fits  in  a  slot  cut  in  the  sleeve.  The  front  end  of  the 
sleeve  is  ground  tapered  and  fits  over  the  collet  8^.  The  collet  has  no 
end  play,  being  held  tightly  against  the  inside  ground  face  of  the  cap 
TJu  thus  insuring  accurate  feeding  of  the  stock  regardless  of  any  slight 
variation  in  size.  Spring  collet  8i  is  closed  by  means  of  sleeve  T,, 
which  slides  over  it  and  is  operated  by  tube  T,.  This  tube,  on  the 
Nos.  00  and  0  machines,  extends  through  the  spindle  to  the  levers  Wi, 
which,  in  turn,  are  acted  upon  by  sleeve  Y  through  lever  D,  and  cam 
E.,  Figs.  1  and  6. 

The  collet  closing  and  stock  feeding  mechanism  are  operated  by  the 
same  cam  E^  (on  the  Nos.  00  and  0  machines),  which  is  driven  through 
spur  gears  Fa  and  positive  clutch  Gj,  Figs.  2  and  7.  Clutch  G,  is  en- 
gaged by  depressing  lever  H^  by  a  dog  held  on  drum  K  (see  Figs.  1  and 
6).  The  driving  shaft  makes  one  revolution,  whereupon  the  clutch 
is  disengaged  by  the  pin  lever  Ha,  Fig.  7,  acting  upon  th^  cam  surface 
of  the  clutch,  returning  it  to  its  original  position — out  of  mesh. 
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To  adjust  spring  collet  fif„  Fig.  4,  loosen  nut  J,  and  turn  nut  J,  until 
the  holding  capacity  of  the  clutch  is  properly  regulated ;  then  re-tighten 
nut  Ja  and  lock  hoth  nuts  hy  means  of  the  spanner  wrenches  provided 
for  this  purpose.  Great  care  should  be  exercised  in  adjusting  these 
nuts.  If  they  are  so  adjusted  that  the  collet  8t  bears  too  tightly  on 
the  work,  either  the  collet  or  closing  levers  Wj  will  be  broken.    A  good 


Fi«r.  4.    fitootion  tbrooffli  Spindle.  Boxes.  PaUesrs.  etc..  of  the  No.  00  * 

Brown  A  Bharpe  Automatio  Screw  Ifachine 

method  to  follow  in  regulating  the  proper  grip  of  the  collet  upon  the 
work  is  to  adjust  nuts  I2  and  /»  and  then  test  the  grip  of  the  collet 
by  operating  fork  D,  by  means  of  the  handle  K^  (see  Figs.  1  and  3). 
In  this  way  the  proper  grip  can  be  secured  without  difficulty. 

On  the  No.  2  machine  the  sleeve  T,  (see  Fig.  5)  is  forced  over  the 
collet  81  directly  by  the  levers  W„  the  latter  being  operated  by  sleeve 
7,  and  a  cam  on  the  intermediate  shaft  directly  under  the  spindle. 


Flff.  6.    Section  tbrooffli  Spindle,  Boxes.  Pallesrs,  etc..  of  the  No.  2 
Brown  A  Bharpe  Automatio  Screw  Machine 

To  adjust  the  grip  of  the  collet  on  the  stock,  loosen  the  clamp  screw 
in  nut  Li,  and  turn  the  knurled  nut  toward  the  front  of  the  machine 
to  tighten  the  collet,  reversing  the  direction  of  the  nut  to  loosen  it. 

Operation  of  the  Feeding  Mechanism 

The  feeding  mechanism  derives  its  motion  from  pulley  C  through 
spur.gear  F,  (Fig.  2)  to  gear  M2  on  central  shaft  N2  (Fig.  10).  Pulley 
C  is  engaged  by  a  positive  clutch  0  (Fig.  7),  which  la  brought  into 
action  by  means  of  the  starting  lever  P;  in  this  way  the  feed  is  always 
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under  complete  control.  The  stock  is  fed  out  by  means  of  a  feed 
finger  Oj  (Fig.  4),  which  is  provided  with  a  left-hand  thread,  and  is 
screwed  Into  the  feed  tube  P,,  the  latter  passing  completely  through 
the  spindle.  The  outer  end  of  the  feed  tube  is  connected  to  the  feed- 
ing mechanism  or  slide  by  means  of  a  latch  Qj,  Figs.  7  and  8.  The 
feed  slide  carrying  the  latch  has  a  slot  cut  in  it,  in  which  is  a  sliding 
block  connected  to  arm  i?„  the  latter  being  operated  by  cam  Ej,  The 
sliding  block  is  adjusted  in  the  feed  lever  by  means  of  a  screw  and 
crank  N,  and  as  the  arm  R^  always  moves  a  fixed  distance,  the  length 

I 


Fig*.  8.    Bnd  Blevation  of  the  No.  OO  Machine  showing  OoUet 
Operating  Mechanism 

of  the  feed  is  obtained  by  varying  the  position  of  the  block.  A  .gradu- 
ated scale  which  indicates  the  length  to  which  the  stock  is  fed,  is 
mounted  on  the  feed  slide. 

When  it  is  desired  to  change  the  feeding  finger,  the  feed  tube  can 
be  withdrawn  by  lifting  the  latch.  The  feeding  of  the  stock  can  be 
discontinued  by  turning  up  dog  /Sfj,  Fig.  6,  attached  to  lever  T^,  thus 
allowing  the  trip  dogs  on  the  drum  K  to  pass  by  without  raising  the 
lever.  When  it  is,  desired  to  feed  stock  more  than  the  usual  capacity 
of  the  machine,  two  'or  more  dogs  can  be  placed  on  the  left  side  of  the 
drum,  and  the  feeding  mechanism  operated  several  times. 

Operation  of  the  Cross- slides 
The  front  and  rear  cross-slides  E  and  F  are  operated  by  plate  cams 
U.  and  T%  held  on  the  front  camshaft  Z),  Figs.  6  and  9.     The  front 
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cross-slide  is  operated  by  a  direct  lever  or  segment  gear  W,  that  has 
teeth  cut  in  its  upper  end  meshing  in  a  rack  y^,  which,  in  turn,  fits  in 
a  slot  in  the  base  of  the  cross-slide.  This  rack  is  threaded  on  one  end 
and  is  provided  with  a  split  adjusting  nut  A,  which  is  used  for  chang- 
ing the  position  of  the  cross-slide  relative  to  the  center  of  the  spindle. 
The  screw  binding  these  nuts  should  always  be  tightened  after  the 
cross-slide  has  been  set  to  travel  the  required  distance.  The  rear  cross- 
slide  is  fitted  up  in  the  same  manner,  but  is  operated  through  an  inter- 
mediate lever  or  segment  gear  B,  to  reverse  the  motion,  thus  bringing 
the  cams  for  operating  both  slides  in  a  convenient  ppsition. 


Wa^bh^n^y 


Flff.  9.    Partial  Section  of  No.  CO  Machine  ahowlnff  Operation  of  Croas-slides 

The  cross-slides  are  made  to  travel  to  exactly  the  same  point  by  set- 
screw  Cs  which  comes  in  contact  with  stop  D^.  The  cross-slides  E  and 
F  are  returned  to  their  "back"  position  by  means  of  coil  springs  and 
plungers  jE?,,  the  latter  coming  in  contact  with  plugs  F,  screwed  into 
the  cross-slides.  When  setting  the  circular  form  and  cut-ofC  tools,  the 
slides  can  be  operated  by  hand  by  means  of  a  rod  inserted  into  holes 
provided  for  that  purpose  in  the  ends  of  the  slide-operating  segment 
gears. 

The  cross-slide  tools  are  circular  in  form,  and  are  held  by  screws  J. 
to  the  toolposts  /„  the  latter  being  retained  on  the  cross-slides  by 
T-bolts  and  nuts  £",.  Eccentric  nuts  are  provided  on  the  screws  L,  at 
the  rear  of  the  toolpost,  which  make  it  possible  to  easily  and  quickly 
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adjust  the  circular  tools  to  the  proper  height.  Additional  clamping 
means  for  the  circular  tools  are  provided  for  hy  hook-holts  and  nuts  M^. 
The  circular  tools  are  ground  on  the  face  for  sharpening  without 
changing  their  outline.  The  block  ^g  is  provided  for  raising  or  lower- 
ing the  toolposts,  so  that  the  circular  tools  can  be  ground  below  center 
to  give  sufficient  rake. 

The  manner  in  which  the  front  camshaft  is  driven  is  illustrated  in 
Figs.  7  and  10.    Power  is  transmitted  from  the  rear  driving  shaft  0» 
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Flff.  18.    Plan  and  Rear  Blevatlon  of  No.  OO  Machine  ahowlnff  Operation 
of  Tiirret  Slide,  etc. 

through  the  change  gearing  H  to  the  worm-shaft  P,.  Double-pitch 
worm  Q,  drives  worm-wheel  i?,,  which  through  bevel  gears  8^  rotates 
front  camshaft  D.  On  the  Nos.  0  and  2  machines*  the  power  is  trans- 
mitted differently  as  can  be  seen  in  Figs.  11  and  12.  On  the  No.  0 
machine  the  power  is  transmitted  from  the  rear  driving  shaft  through 
the  change  gearing  to  a  single-pitch  worm,  the  latter  driving  the 
worm-wheel  T,  on  the  lead  camshaft  U»,  which  furnishes  power  to  the 
camshaft  D  through  bevel  gears  T,.  The  arrangement  is  slightly  dif- 
ferent on  the  No.  2  machine.    The  power  in  this  case  comes  from  the 
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rear  driving  shaft  through  the  change  gearing  to  the  so-called  "worm- 
shaft"  W„  which  through  bevel  gears  F,  drives  the  single-pitch  worm 
on  shaft  A4  and  the  worm-wheel  B^  on  front  cam-shaft  D. 

Operation  of  the  Ttirret  SUde 

The  turret  /,  Fig.  13,  which  holds  the  working  tools,  is  mounted  ver- 
tically on  the  side  of  the  turret  slide  G.  The  turret  has  a  long  tapered* 
shank  which  forms  the  bearing  in  the  turret  slide.  It  is  rotated  by 
means  of  a  hardened  roll  Ct  on  a  disk  D4,  which  engages  in  radial 
grooves  in  the  disk  E^.  Disk  D4  is  driven,  from  the  rear  driving  shaft 
through  spur  gears  F^,  G«,  and  H4,  and  helical  gears  I4.    There  are  six 


Machinery 


Flff.  14.    Partial  Section  of  Mo.  a  Machine  ahowlnir  Operation  of  Turret  Slide 

holes  in  the  turret,  disk  D^  making  six  revolutions  for  every  complete 
revolution  of  the  turret.  The  turret  is  locked  in  position  by  the  hard- 
ened tapered  plug  J^  which  fits  in  a  hardened  bushing  K^  in  the  turret. 
This  plug  is  operated  by  a  trip  latch  L*.  which  is  withdrawn  by  a  cam 
M4  on  one  end  of  the  shaft  N^.  The  locking  pin  or  plug  is  withdrawn 
from  the  turret  by  hand  by  pushing  back  latch  L^. 

Slide  O  upon  which  the  turret  /  is  mounted  receives  its  forward 
movement  from  the  lead  cam  Q^  (Fig.  10)  tlirough  the  bell  crank  lever 
O4  and  rack  block  P4.  The  lead  camshaft  (Fig.  10)  is  driven  from  the 
rear  driving  shaft  through  worm-wheel  R3  and  spur  gears  R^.  The 
turret  slide  is  returned  by  a  coil  spring  S4,  plunger  T^  and  pin  U4, 
shown  in  Fig.  13,  the  plunger  fe  located  in  its  "back"  position  by  a 
stop-block  V4. 

The  quick  return  and  advance  of  the  turret  slide  and  the  revolving 
of  the  turret  are  controlled  independently  of  the  lead  cam  by  the  crank 
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W4,  which  is  connected  eccentrically  to  the  turret  revolving  shaft  F*. 
This  crank  indexes  the  turret  while  the  roll  on  the  bell  crank  lever  0« 
Is  passing  from  the  highest  point  of  the  lead  cam  to  the  starting  point 
of  the  lobe  for  the  next  cut.  Crank  W^  is  driven  from  the  rear  driving 
shaft,  as  previously  described,  by  a  positive  clutch,  the  latter  being 
operated  by  tripping  levers  and  dogs  on  drum  J,  Fig.  6. 

As  the  crank  revolves  it  allows  spring  84,  Fig.  13,  to  return  the  turret 
slide.  The  turret  is  then  revolved,  as  described,  and  when  the  crank 
comes  to  r^st  after  making  one  complete  revolution,  the  machine  is 


*         FUr.  16.    Partial  S«otloa  of  No.  GO  Machine  ahowinff 'Operation  of  Deflector, 
Tripplngr  Levers,  etc. 

ready  for  the  next  operation.  The  bell  crank  lever  O4  bears  against 
the  bed  at  the  extreme  forward  movement  and  insures  the  positive 
return  of  the  turret  slide  should  the  spring  fall,  owing  to  the  binding 
of  the  turret  tools  on  the  work.  The  turret  slide  is  not  adjustable 
lengthwise  on  the  Nos.  00^  and  0,  but  on  the  No.  2  machine  an  adjust- 
ment of  1  inch  is  provided  for  by  a  screw  A5  and  lock  nut  B^,  Fig.  14. 

On  the  No.  0  machine  the  indexing  disk  Z),,  Fig.  13,  is  driven  as 
before  described  from  the  rear  driving  shaft  through  spur  gears,  but 
the  turret  revolving  shaft  Y4  receives  its  motion  from  shaft  N4,  through 
bevel  gears.  The  lead  camshaft  U^  is  driven  from  front  camshaft  D 
through  bevel  gears  Y,. 

The  indexing  disk  D^  on  the  No.  2  machine  (see  Fig.  13)  is  driven 
in  a  manner  similar  to  that  of  the  No.  0  machine,  but  in  this  case  D4 
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is  a  spur  gear.  The  latch  L4  on  the  No.  0  and  2  machines  is  operated 
by  a  cam  on  indexing  disk  D4.  The  lead  camshaft  U»  is  driven  from 
the  front  camshaft  D  through  bevel  gears  T,,  as  shown  in  Fig.  12. 

Operation  of  the  Deflector 

To  separate  the  chips  and  oil  from  the  work  which  is  cut  off,  a  de- 
flector is  provided,  sls  shown  in  Fig.  15.  This  deflector  consists  of  a 
bell-crank  d  to  which  a  pan  or  chute  D^  is  integrally  cast.  The  crank 
is  operated  by  spring  E^  and  cam  block  F^  on  drum  K,  which  lifts  up 
the  forward  end  of  the  crank,  moving  the  deflector  into  the  position 
shown  by  the  dotted  lines.     This  brings  it  directly  under   the  flxed 


Fiff.  16.    Bnd  View  of  No.  GO  Machine  ahowlnfir  Arransrement  of  Chansre  Gears 

chute  of  the  machine,  so  that  the  work  is  deflected  from  the  pan  for 
the  chips  into  the  pan  provided  for  holding  the  work.  The  cam  block 
Is  adjustably  mounted  on  the  drum  so  that  it  can  be  moved  Into  the 
desired  position  for  operating  the  deflector.  On  work  requiring  a  small 
amount  of  machining,  the  deflector  must  remain  under  the  chute  for 
a  longer  period  than  is  required  on  longer  operations;  therefore,  cam 
blocks  having  different  lengths  of  arcs  are  provided,  to  allow  the  de- 
flector to  remain  under  the  chute  for  a  greater  or  less  time. 

Fig.  15  illustrates  clearly  the  construction  and  action  of  the  tripping 
lever  for  operating  clutch  Go,  Fig.  2.  The  operation  is  as  follows:  A 
dog  O5  on  drum  K  lifts  tripping  lever  H^  by  means  of  the  block  i^,  and 
as  Hs  is  fulcrumed  on  shaft  J5,  this  action  lowers  the  rear  end  of  the 
lever.  A  pin  held  in  the  rear  end  of  the  lever  by  adjusting  nuts,  flts 
in  a  recess  in  the  cam  which  forms  one  jaw  of  the  clutch  Gj,  and  as  the 

Digitized  by  VjOOQ IC 


18 


No.  99—SCREW  MACHINE  PRACTICE 


Digitize: 


GENERAL  CONSTRUCTION 


19 


pin  is  withdrawn,  the  cam  is  forced  out  into  engageiAent  with  the 
driving  part  of  the  clutch  by  a  spring.  The  cam  O,  is  located  in  the 
correct  relation  (each  time  it  is  disengaged  from  the  driving  clutch) 
to  the  collet  closing  mechanism  by  a  V-groove  in  the  cam  body  in  which 
a  stop  Ki  in  the  lever  L^  fits.  The  stop  is  kept  in  contact  with  the  cam 
body  by  a  spring  M^  and  is  stopped  in  its  "up  position"  by  a  stud  N^. 
All  the  tripping  levers  and  clutches  for  the  feeding,  spindle  reversing 
and  turret  indexing  mechanisms  are  operated  in  a  similar  manner. 

Operation  of  Oil  Pump— Arransrement  of  Chansre  Qears 
The  oil  pump  0«,  Fig.  2,  is  driven  from  the  driving  shaft  by  means 
of  a  chain  and  sprockets,  which  are  shown  guarded,  and  is  provided 


Fig.  10.    No.  GO  Brown  ft  Sbarpe  Automatic  Turret  Formlnir  Machine.  Front  View 

with  suitable  piping.  The  pump  is  not  stopped  when  the  feed  is  dis- 
engaged, but  continues  in  operation,  thus  insuring  a  steady  stream  of 
oil  as  soon  as  the  tools  commence  to  cut.  Care  should  be  taken  to  see 
that  the  pipe  is  not  blocked  up  and  that  the  oil  pan  is  filled  with  oil. 
The  oil  is  removed  from  the  pan  by  opening  the  cock  Pj,  Fig.  1. 

The  speed  of  the  front  and  lead  camshafts  Is  changed  for  the  differ- 
ent jobs  by  means  of  change  gears,  as  shown  in  Figs.  16,  17  and  18. 
Fig.  16  shows  the  arrangement  of  gearing  for  the  No.  00  machine, 
where  A  is  the  gear  on  the  driving  shaft;  B,  the  idler  gear;  and  C  the 
gear  on  the  worm  shaft.  When  it  is  desired  to  compound  the  gearing 
on  this  machine,  another  gear  D  Is  placed  on  the  idler  stud  and  a  gear 
not  shown  is  placed  on  the  driving  shaft.  When  the  gearing  is  com- 
pounded, B  becomes  "first  gear  on  stud,"  and  D,  "second  gear  on  stud." 
The  arrangement  of  the  gearing  for  the  No.  0  machine  is  shown  in  Fig. 
17.  Here  A  is  the  gear  on  the  driving  shaft;  B,  "first  gear  on  stud"; 
D,  "second  gear  on  stud";  E,  an  intermediate  gear;  and  C  the  gear  on 
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the  worm-shaft.  On  the  No.  2  machine  the  gearing  is  arranged  as 
shown  in  Fig.  18,  where  A  is  the  gear  on  the  driving  shaft;  B,  "first 
gear  on  stud";  D,  "second  gear  on  stud";  and  C  the  gear  on  the  worm- 
shaft 

Automatio  Turret  Forminsr  and  Cuttinsr-off  Machines 

The  automatic  turret  forming  machine,  the  No.  00  size  of  which  is 
shown  in  Fig.  19,  is  intended  for  work  not  requiring  the  reversal  of 
the  spindle.  It  is  practically  of  the  same  design  and  capacity  as  the 
regular  automatic  screw  machine,  except  that  it  is  driven  by  a  four- 
step  cone  pulley.  The  preceding  description  applies  to  these  machines 
in  general,  and  the  collets,  cams,  tools,  etc.,  are  all  interchangeable 
with  the  regular  "automatics"  of  the  same  size. 


Flsr.  20.    No.  CO  Brown  As  Sharpe  Automatio  Cuttlng'*off  Machine.  Front  View 

The  automatic  cutting-off  machine,  size  No.  00  of  which  is  shown  in 
Fig.  20,  is  driven  by  cone  pulleys  in  the  same  manner  as  the  turret 
forming  machines  and  art;  the  same  speed.  It  has  no  turret,  but  is  pro- 
vided with  a  tool-slide  for  carrying  a  stop  hollow-mill,  box-tool  or 
drill.  It  is  of  the  same  chuck  capacity  as  the  regular  automatics,  but 
the  tool-holder  is  adjustable  so  that  much  longer  work  can  be  accom- 
modated. The  tool-slide  on  the  No.  00  machine  has  a  movement  of  1^ 
inch.  The  shortest  distance  (approximately)  between  the  face  of  the 
tool-holder  and  the  face  of  the  collet  when  the  lead  lever  roll  is  on  the 
largest  diameter  of  the  cam,  is  1%  inch  on  the  No.  00,  2  inches  on 
the  No.  0,  and  2^^  inches  on  the  No.  2  machine.  The  greatest  distance 
obtainable,  approximately,  with  the  lead  lever  roll  on  the  smallest 
diameter  of  the  cam.  is  10  inches  on  the  No.  00,  14  inches  on  the 
No.  0,  and  17  inches  on  rthe  No.  2  machine.  The  tools,  cams,  collet,  etc., 
are  interchangeable  with  the  regular  automatic  screw  machines  of  the 
same  size. 
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SBTTINa  THE  TOOLS  AND  OPBRATINa 
AUTOMATIC  SCREW  MACHINES 

In  "setting-up"  the  Brown  &  Sharpe  automatic  screw  machines,  the 
most  simple  tools  should,  generally,  be  set  first.  As  a  rule  these  are 
the  circular  form  and  cut-off  tools  which  are  held  on  the  cross-slides. 
Before  any  of  the  tools  are  set,  however,  the  collet  and  feed  finger 
should  be  changed  for  the  size  of  work  required,  the  proper  change 
gears  put  on,  and  the  driving  belt  placed  on  the  required  step. 

SettinfiT  the  Circular  Form  and  Gut- off  Tools 

After  the  feed  finger  and  spring  collet  have  been  put  in  place,  the 
stock  is  inserted  and  pushed  out  far  enough  so  that  it  can  be  faced  off 
with  the  circular  cut-off  tool.  The  cut-off  tool  is  then  clamped  to  the 
toolpost  and  set  with  its  cutting  edge  as  close  as  possible  to  the  height 
of  the  center  of  the  work.  The  spindle  is  rotated  and  the  end  of  the 
stock  faced  off,  using  lever  JT,,  Fig.  21,  to  operate  the  cross-slide.  This- 
procedure  is  followed  until  the  cut-off  tool  is  set  correctly.  The  cir- 
cular form  tool  is  then  clamped  to  the  toolpost  and- the  same  procedure 
followed. 

Fig.  21  shows  an  operator  setting  the  cutting  edge  of  a  circular  form 
tool  to  the  height  of  the  center  of  the  work  by  means  of  the  adjusting 
nut  L,.  Care  should  be  taken  in  setting  the  circular  form  and  cut-off 
tools  so  that  they  will  form  the  work  parallel,  and  cut  it  off  with  a 
square  face.  This  is  accomplished  by  means  of  the  adjusting  screws 
a  in  the  rear  of  the  toolpost,  which  can  be  adjusted  when  nut  K^  is 
slackened  slightly.  When  a  circular  form  tool  is  placed  on  the  front 
cross-slide,  it  is  necessary  to  put  the  rising  block  Nt  under  the  tool- 
post.  All  dirt  and  oil  should  be  removed  from  the  surfaces  of  the 
rising  block,  toolpost  and  cross-slide,  so  that  the  cutting  edge  of  the 
circular  form  tool,  which  should  be  ground  at  right  angles  to  the  side 
face,  can  be  set  parallel  with  the  center  line  of  the  work.  If  this  is 
not  done,  it  will  be  found  that  the  work  will  be  slightly  tapered. 

The  rolls  in  the  cam  levers  require  careful  attention.  If  the  pin  in 
these  rolls  are  not  a  good  running  fit,  the  roll  will  stick  and  wear  out 
of  round.  This  will  result  in  the  production  of  pieces  which  vary  in 
diameter,  due  to  the  changes  of  position  of  the  roll  for  the  different 
pieces. 

In  setting  the  tool  on  the  front  cross-slide,  the  cutting  edge  should 
never  be  below  the  center  of  the  work,  but  should  be  set  preferably 
above  or  at  the  height  of  the  center.  The  cutting  edge  of  the  tool  on 
the  rear  cross-slide  should  be  set  just  the  reverse  in  reference  to  the 
center  of  the  work,  when  the  latter  is  running  forward.  When  the 
work  is  running  backward,  the  position  of  the  cutting  edges  of  the 
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tools  on  the  front  and  rear  cross-slide  should  be  reversed  from  that 
for  the  forward  rotation  of  ithe  work.  If  the  cutting  edges  of  the 
circular  tools  are  not  set  in  the  positions  described,  the  work,  when 
rotating,  has  a  tendency  to  pull  them  around,  thus  increasing  the 
diameter  of  the  work,  and  causing  chattering. 

When  the  circular  form  tool  is  used  for  finishing  the  work  to  an 
exact  diameter,  the  set-screw  C,,  Fig.  21,  should  always  be  set  so  that 
it  will  come  in  contact  with  the  stop  i>,  when  the  work  is  turned  to 
the  desired  diameter.  In  setting  this  stop  it  should  be  so  adjusted 
that  it  will  put  a  slight  strain  on  the  cross-slide  operating  lever.    The 


Flff.  ai.    Operator  aettlxiff  a  Circular  Form  Tool 

resulting  action  keeps  the  roll  in  close  contact  with  the  cam,  and  thus 
assures  the  parts  formed  being  of  the  same  diameter.  When  the  cir- 
cular form  tool  wears  slightly,  the  set-screw  d  can  be  adjusted  back 
a  slight  amount,  and  the  strain  which  has  been  set  up  in  the  lever 
will  allovir  the  tool  to  turn  the  work  to  the  desired  diameter.  The 
cross-slide  is  adjusted  back  and  forth  to  bring  the  cross-slide  tools  in 
contact  with  the  work  by  means  of  split  nut  A„  which  is  locked  by 
means  of  a  screw.  Gib  Os  should  be  adjusted  so  that  there  will  be  no 
unnecessary  side  play  of  the  cross-slide  in  the  bed. 

SharpeninsT  Circular  Form  and  Cut-off  Tools 
The  circular  form  and  cut-off  tools  should  be  carefully  sharpened 
when  they  become  dull.     If  the  cutting  edge  is  not  ground  at  right 
angles  to  the  side  face  of  the  circular  tool,  the  work  produced  will  be 
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fllightly  tapered.  For  this  reason  the  circular  tool  when  being  sharp- 
ened should  be  held  on  a  table,  the  top  surface  of  which  is  at  right 
angles  to  the  side  face  of  the  emery  wheel.  The  cutting  edge  is  then 
brought  up  against  the  side  face  of  the  emery  wheel,  and  the  tool 
ground.  To  insure  that  the  tool  is  ground  correctly,  a  templet  similar 
to  that  shown  in  the  illustration  accompanying  Table  I  is  made  for 

TABLH  I,    PROPORTIONS  FOR  TBMPLBPTS  AND  CIROULAR  TOOLS 
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the  circular  tools  used  on  each  size  of  machine.  The  dimensions  of 
this  templet  for  the  various  sizes  of  machines  are  given  in  this  table. 
The  distance  G  is  made  less  than  the  thinnest  tool,  so  that  the  screw 
will  not  prevent  the  tool  from  lying  flat  on  the  table  when  grinding. 

These  templets  should  preferably  be  made  of  tool  steel,  hardened  and 
ground  as  indicated.  The  hole  should  be  lapped  and  the  plug  made  a 
good  fit  for  it.  To  the  right  of  the  illustration  a  templet  Is  shown 
with  its  top  face  ground  at  an  angle  0,  and  the  size  of  the  machine  and 
angle  stamped  on  it.    Circular  tools  are  ground  with  top  rake  for  cut- 
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ting  machine  steel,  tool  steel,  etc.    The  cutting  angles  for  the  various 
materials  are  as  follows: 

ANGLB  OF  TOP  RAKB  ON  CIRCULAR  TOOLS 

Material  An^le  0,  in  Degrees 

Brass   rod    0 

Drill  rod  and  tool  steel 8  to  10 

Gun-screw   iron    12 

Machine  steel  15 

Norway  iron  18 

The  sizes  and  pitches  of  the  tapped  holes  in  the  circular  tools  are 
listed  in  column  /  of  Table  I,  where  the  thread  is  given  as  right-hand. 
Sometimes  the  tools  are  tapped  left-hand,  especially  in  the  case  of  wide 
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Fiff.  22.    Simple  Method  for  settinff  a  Stop 

forming  tools;  they  are  then  set  on  the  front  cross-slide,  with  the  work 
running  forward.  As  a  rule,  the  tools  are  tapped  right-hand  and  the 
hook  bolt  Mt  and  bolt  /„  Fig.  9,  tightly  clamped,  thus  holding  the  cir- 
cular tool  securely. 

SettinsT  the  Stop 

When  the  circular  cut-off  tool  has  been  set  correctly,  the  chuck  is 
opened  by  lifting  the  tripping  lever,  and  the  stock  is  fed  out  the  de- 
sired length  by  hand;  this  length  can  be  easily  measured  off  by  the 
method  shown  in  Fig.  22.  A  flexible  scale,  the  length  of  whicli  depends 
on  the  size  of  the  machine,  is  placed  in  an  empty  hole  in  the  turret 
and  brought  up  against  the  inside  face  of  the  circular  cut-off  tool.  The 
cut-off  tool  is  now  brought  up  against  the  work  by  means  of  the  handle 
operating  the  cross-slide.  It  is  then  an  easy  matter  to  set  the  stock  to 
the  desired  length.  When  this  has  been  done,  the  chuck  is  closed  and 
the  turret  swung  around  so  that  the  stop  comes  in  line  with  the  stock. 
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When  the  stop  is  in  this  position,  the  roll  should  be  on  the  quick  rise 
of  the  lead-cam  so  that  by  rotating  the  cam,  the  roll  will  rise  up  onto 
the  lobe,  thus  forcing  the  stop  back  into  the  turret  the  required  amount, 
where  it  can  be  locked  with  the  lock-screw  provided  for  that  purpose. 

When  it  is  necessary  to  have  the  length  of  the  piece  to  within  a 
limit- of  0.010  inch  or  less,  the  stop  A  In  Fig.  22  gives  considerable 
trouble,  because  the  only  way  in  which  it  can  be  set  is  by  tapping  it 
in  or  out,  which  is  a  rather  difficult  matter.  A  stop  which  gives  better 
results  is  shown  at  B.  The  parts  a,  h  and  c  are  made  from  machine 
steel  and  casehardened.  The  body  a  is  drilled  and  tapped  for  a  screw 
the  diameter  of  which  is  made  in  accordance  with  -the  size  of  the  ma- 
chine in  which  the  stop  is  to  be  used:  For  the  No.  00,  d  =  5/16  inch; 
for  the  No.  0.  d=%  inch;  and  for  the  No.  2,  d  =  %  inch. 

For  the  No.  00  machine  the  number  of  threads  per  inch  of  the  screw 
should  be  thirty-two,  .which  would  mean  that  one  revolution  would  give 


Fiff.  S8.    OhamferlnflT  fbe  Bnd  of  the  Work 

an  adjustment  of  0.03125  inch.  For  the  other  mactiines,  the  screw 
should  have  twenty  threads  per  inch.  The  stop  proper,  b,  is  made  of 
hexagonal  stock  to  fit  the  standard  wrenches  supplied  with  the  ma- 
chines. The  nut  c  is  made  of  the  same  shape  and  from  the  same  size 
of  stock  as  5.  By  having  the  stop  hexagonal,  as  shown,  it  is  an  easy 
matter  to  set  it  within  0.005  inch,  by  means  of  the  faces  on  stop  &,  as 
the  relation  of  these  to  the  nut  can  be  noted,  provided  the  latter  is 
held  with  a  wrench  while  part  b  is  rotated. 

Settinsr  a  Hollow-mill  or  Box-tool 

Before  reducing  the  diameter  of  the  work  by  means  of  a  hollow-mill 
or  box-tool,  it  is  necessary  to  chamfer  the  front  end  of  the  work  to 
facilitate  the  starting  of  the  cutter  on  a  light  cut  until  the  tool  is  prop- 
erly supported.  One  method  of  pointing  the  end  of  the  work  is  shown 
at  A  in  Fig.  23.  Here  tho  circular  cut-off  tool  has  an  angular  projec- 
tion on  its  face  next  to  the  chuck,  which  points  the  bar  before  It  is 
fed  out  for  the  next  piece.  This  method  is  generally  used  when  the 
work  is  not  very  long  and  runs  practically  true.  It  is  sometimes  im- 
possible, however,  to  point  the  bar  with  a  cut-off  tool,  and  in  that  case 
the  bar  is  usually  pointed  by  a  combination  centering  and  pointing 
tool,  as  shown  at  B,  This  tool  can  be  used  when  the  bar  does  not  pro- 
ject more  than  Zy^  times  its  diameter  from  the  face  of  the  chuck,  and 
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when  it  is  unfinished  or  of  irregular  shape.  Tool  a  is  used  for  cen- 
tering the  work,  thus  preparing  it  for  drilling  a  hole,  while  tool  &  is 
used  for  pointing  the  end  of  the  bar. 

In  setting  a  bo^-tool,  the  bar  should  project  out  of  the  spring  collet 
only  far  enough  to  allow  it  to  be  turned  down  for  a  short  distance; 
otherwise  the  work  will  not  be  held  rigidly,  and  will  spring  away  -from 
the  cutting  tool.  The  cutting  tool  is  first  set  to  turn  the  work  to 
within  about  0.0005  or  0.001  inch  of  the  finished  diameter;  then  the 
supports  are  forced  up  tightly  into  contact  with  the  work  and  clamped. 
It  will  be  found  that  when  the  stock  is  fed  out  to  the  desired  length, 
the  supports  bearing  against  the  work  tightly,  the  tool  turns  it  slightly 
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Plff.  24.    Outtlnff-anvlao  tor  Box  Tool  Oatt«r0 

smaller  in  diameter.  The  box-tool  cutter  is  brought  in  contact  with 
the  work  by  means  of  the  handle  K^,  Fig.  21,  on  the  No.  00  machine, 
which  is  inserted  in  the  lead  lever  O4,  Fig.  13,  and  by  the  lever  /?»  on 
the  Nos.  0  and  2  machines,  as  shown  in  Fig.  33.  These  levers  should 
always  be  removed  before  engaging  the  driving  clutch.  For  additional 
information  regarding  the  application  of  external  tools  to  the  work, 
see  Machinery's  Reference  Book  No.  102,  "Automatic  Screw  Machine 
Practice — External  Cutting  Tools." 

Cuttinsr-ansrles  for  Box-tool  Cutters 

The  cutting  angle  on  a  box-tool  cutter  depends  largely  on  the 
method  used  in  holding  it,  and  on  how  it  is  applied  to  the  work.  In 
Fig.  24  a  few  methods  of  the  application  of  box-tool  cutters  to  the  work 
are  shown,  and  the  angles  at  which  they  should  be  ground  for  various 
materials.  A  box-tool  cutter,  to  give  good  results,  should  have  suffi- 
cient clearance  and  rake  so  that  it  will  remove  the  metal  with  the  least 
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possible  resistance.  Generally,  in  automatic  screw  machine  work,  the 
box-tool  cutter  is  set  radially  to  the  work,  for  cutting  brass,  as  shown 
at  A.  When  held  in  this  manner  the  cutting  angles  are  approximately 
as  given  in  the  illustration.  This  type  of  tool  is  used  particularly  for 
roughing  work.  For  finishing  work  on  brass,  the  tool  is  set  as  indi- 
cated at  B,  and  the  cutting  face  is  ground  parallel  for  a  short  distance 
/,  which  for  usual  conditions  equals  one-fifth  of  the  smallest  diameter 
of  the  work  being  turned.  For  steel,  the  box-tool  cutter  should  be  set 
tangentially  to  the  work,  as  shown  at  O  and  D. 


TABLB  n.    OUmNQ  ANQLBS  FOR  HOIiIiOW-lCII«La 
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The  angles  on  the  box-tool  cutter  shown  at  C  for  cutting  various 
materials  is  as  follows: 


Cuttfaiff-aiiffles  for  Tool  Steel 
&=    8  deg. 
c=   8  to    10  deg. 
d  =  72  to  74  deg. 
e=  8  deg. 


Cattlnff-anfflee  for  Machine  Steel 
C=    8  to  10  deg. 
e  =  10  deg. 
d  =  70  to  72  deg. 
6  =  10  deg. 


The  method  of  grinding  the  tools  shown  at  C  is  commonly  used  for 
roughing  purposes  on  steel,  but  will  not  produce  an  absolutely  square 
shoulder  on  the  work.  For  finishing  cuts,  the  box-tool  cutter  is  ground 
as  shown  at  D, 

The  cutting  angles  for  this  type  of  tool  are  as  follows: 


Cuttlnff-aDffles  for  Tool  Steel 
m=   8  to  10  deg. 
g=   8  to  10  deg. 
^  =  72  to  74  deg. 


Cuttins-  ansles  for  Machine  Steel 
m  =  10  to  12  deg. 
(/  =  15  to  18  deg. 
h  =  60  to  65  deg. 
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While  the  cutting  face  on  the  tool  shown  at  D  is  straight,  it  is  usu. 
ally  advisable,  especially  when  cutting  machine  steel  and  Norway  iron 
to  give  it  more  *iip,"  and  is  indicated  by  the  dotted  line  i.  This  pro- 
duces a  curling  chip,  and  is  conducive  to  better  and  more  efficient  cut- 
ting. It  l£  not  advisable  in  most  cases  to  make  the  box-tool  cutters  for 
finishing  from  high-speed  steel  for  cutting  steel  and  Norway  iron,  if 
an  exceptionally  good  finish  is  desired. 

At  D  in  Fig.  24  is  shown  the  method  used  in  adjusting  the  tangent 
cutter.  The  face  of  the  cutter  should  be  set  at  a  distance  j  back  from 
the  center  of  the  work.  This  gives  the  tool  more  clearance  on  the 
periphery  of  the  work.  The  distance  /  should  equal  (for  Norway  iron 
and  machine  steel)  one-tenth  of  the  smallest  diameter  of  the  work 
being  turned.  When  the  tangent  cutter  is  adjusted  in  a  vertical  direc- 
tion, it  should  also  be  moved  back  an  amount  equal  to  k,  as  shown  by 
the  dotted  lines  in  the  illustration,  so  that  k  bears  the  same  relation  to 
the  larger  diameter  as  j  does  to  the  smaller. 


Fisr.  25.    Oentertng*  TOOI0— Inoorreot  and  Oorreot  liethods  of  Oenteiinff 

Sometimes,  when  cutting  machine  steel,  It  is  advisable  to  set  the  tool 
at  an  angle  of  from  1  to  2  degrees  from  the  horizontal  plane.  This 
increases  the  clearance  between  the  periphery  of  the  work  and  the  cut- 
ting face  of  the  tool,  and  is  accomplished  by  means  of  adjusting  screws 
in  the  box-tool. 

Cutting-angles  for  Hollow-miUs 

T}ie  illustration  accompanying  Table  II  shows  a  type  of  hollow-mill 
which  is  used  on  the  automatic  screw  machine  in  cases  where  it  is 
necessary  to  remove  a  large  amount  of  material.  The  cutting  angles 
(for  the  lips  of  the  hollow-mill  are  given  in  this  table  for  various  ma- 
terials. Unless  the  operator  has  equipment  sufficiently  accurate  to 
grind  hollow-mills,  he  should  not  attempt  to  do  so,  as  unsatisfactory 
results  will  be  obtained  if  all  the  prongs  or  teeth  do  not  do  their  share 
of  the  cutting.  Preferably  hollow-mills  should  be  sharpened  in  the  tool- 
room on  an  ordinary  cutter  grinder. 

Setting  Centering  Tools  and  Drills 

When  the  drill  used  is  less  than  %  inch  in  diameter,  and  is  to  pass 
entirely  through  the  work,  a  centering  or  spotting  drill  should  always 
be  used.  The  centering  tool  should  be  ground  and  set  so  that  it  will 
not  leave  a  teat  in  the  work.  It  also  should  have  an  included  angle  less 
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than  that  used  on  the  drill.  In  Fig.  25,  three  types  of  centering  tools 
are  shown  at  A,  B  and  C.  The  tool  shown  at  A  is  used  principally  for 
brass  work,  while  that  shown  at  B  is  used  for  steel  work,  and  is  made 
similar  to  an  ordinary  twist  drill.  The  tool  shown  at  C  is  used  when 
a  large  center  is  to  be  "spotted"  in  steel. 

At  D  is  shown  the  effect  of  using  a  centering  tool  with  an  included 
angle  greater  than  that  used  on  the  drill,  and  also  by  having  it  set  so 
that  it  leaves  a  teat  in  the  hole.  It  is  evident  that  when  the  drill  is 
projecting  out  of  the  holder  for  a  considerable  distance  (because  it  is 
to  pass  entirely  through  the  work)  it  will  not  enter  concentrically,  but 


Flsr-  26.    Various  Types  of  Centering-  Tool  Holders 

will  be  deflected  by  the  teat.  If  the  centering  tool  is  made  with  an  in- 
cluded angle  less  than  that  used  on  the  drill,  the  result  will  be  as 
shown  at  F,  even  if  a  teat  has  been  left  in  the  hole.  Here  the  drill  is 
well  supported  before  its  point  would  touch  the  teat;  hence  it  would 
not  be  deflected.  At  E  is  shown  the  position  that  a  drill  should  take 
in  a  correctly  centered  hole. 

Holders  for  centering  tools  are  illustrated  at  A,  B  and  C  in  Fig.  26. 
The  type  of  holder  shown  at  A  is  frequently  used,  but  is  not  recom- 
mended, owing  to  the  difficulty  of  setting  the  centering  tool  concentric 
with  the  work.  Preferably  the  floating  holder  shown  at  B  should  be 
used,  as  the  centering  tool  can  then  be  set  concentric,  after  which  the 
screws  a  are  tightened.    The  holder  shown  at  C  is  used  when  the  work 
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projects  to  a  considerable  distance  out  of  the  collet,  and  the  center  is 
to  be  concentric  with  the  part  already  turned.  This  holder  carries  a 
bushing  h,  held  by  a  screw  in  the  front  part  of  the  holder,  a  centering 
tool  c,  and  facing  tool  d.  The  centering  tool  c  is  retained  in  a  bushing 
by  a  set-screw,  while  the  facing  tool  d  is  held  down  on  block  e  by  an- 
other set-screw.    The  headless  screw  g  is  used  for  adjusting. 

To  set  the  centering  tool  B,  the  holder  car- 
rying it  is  placed  in  the  turret,  the  latter 
swung  down,  the  spindle  stopped,  and  the  cen- 
tering tool  brought  in  contact  with  the  work. 
The  screws  a  are. then  loosened,  the  tool  set 
concentrically,  and  the  screws  tightened.  The 
lead  cam  is  then  rotated  by  hand  wheel  7.,  Fig. 
29,  until  the  roll  rises  up  onto  the  starting 
point  of  the  lobe  for  feeding  the  centering 
tool  into  the  work.  The  holder  is  tapped  back 
into  the  turret  so  that  the  point  of  the  tool 
just  clears  the  end  of  the  work;  then  the 
holder  is  clamped  in  the  turret.  If  upon  trial  it  is  found  that  the  cen- 
tering tool  does  not  project  in  to  the  required  distance,  it  is  a  simple 
matter  to  bring  It  out. 

Before  setting  the  drill,  see  that  it  is  ground  correctly  for  the  ma- 
terial upon  which  it  is  to  work,  that  is,  to  the  desired  angle  and  lip 
clearance.  For  brass  work,  the  lip  should  be  almost  ground  off,  espe- 
cially when  a  broken  chip  and  not  a  curling  one  is  desired.  For  steel 
the  drill  should  be  given  a  fairly  good  lip.    The  procedure  given  for 


Fiff.  87.    Oaffe  for  8«t- 
tliur  a  Drill 
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Fiff.  28.    Floatlxiff  Reamer  Holders 

setting  the  centering  tool  also  applies  to  setting  a  drill.  For  informa- 
tion regarding  drill  grinding  see  Chapter  IV  of  Machinery's  Reference 
Book  No.  94,  "Operation  of  Machine  Tools — Drilling  Machines.** 

Prepare  in  time  for  the  failure  of  a  drill,  as  considerable  time  is  lost 
in  regrinding  and  resetting.  A  good  idea  is  to  have  a  number  of  drills 
lying  on  the  tray  already  ground,  and  to  use  a  gage  for  setting  the 
drills  as  shown  in  Fig.  27.  This  gage  is  made  from  sheet  steel  about 
1/16  inch  thick.  The  dimension  A  is  made  equal  to  the  distance  that 
the  drill  is  required  to  extend  out  of  the  holder.    If  there  is  more  than 
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one  drill  in  the  turret,  which  would  be  necessary  when  a  deep  hole  is 
to  be  produced,  a  gage  of  this  description  should  be  made  for  setting 
each  drill.  These  gages  should  be  marked  according  to  the  position 
that  the  drill  for  which  they  are  used  takes  in  relation  to  the  other 
drills;  that  is,  "1st/'  "2nd/'  etc.,  and  kept  in  the  same  box  as  the  other 
tools  used  on  the  job.  If  this  precaution  is  taken,  no  time  will  be 
lost  in  setting  a  drill,  because  the  machine  need  not  be  stopped.  The 
clamping  screw  holding  the  drill  can  be  released,  the  drill  pulled  out 
and  a  fresh  one  inserted  while  the  machine  is  running. 

SettinfiT  Counterbores  and  Reamers 
A  counterbore  provided  with  a  leader  should  always  be  held  in  a 
floating  holder.    Before  setting  the  counterbore,   of  course,   the   hole 
should    be   drilled;    then    the   procedure   for   setting   centering    tools 


Plff.  20.    Operator  settlnir  the  Spindle  Reverslnfl:  DogB  for  Threadinfir 

should  be  followed,  except  that  the  leader  is  inserted,  bringing  the 
face  of  the  counterbore  in  contact  with  the  end  of  the  work.  When 
the  counterbore  is  not  provided  with  a  leader,  a  floating  holder  similar 
to  that  shown  at  B  in  Fig.  26  should  be  used. 

Reamers  which  are  to  produce  deep  holes  should  be  held  In  floating 
holders.  Two  types  of  floating  holders  are  shown  at  A  and  B  in  Fig. 
28.  The  one  shown  at  A,  however,  is  not  recommended  for  automatic 
screw  machine  work,  because  the  reamer  drops  down  as  shown  at  a  if 
too  much  clearance  is  allowed  between  the  hole  in  the  holder  and  the 
reamer  shank,  thus  preventing  the  reamer  from  centering  easily  into 
the  work,  and  sometimes  breaking  it.  The  holder  at  B  should  be  used 
in  preference,  because  the  reamer  is  guided  by  means  of  the  screws  b 
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and  c,  and  can  be  given  the  desired  amount  of  "float**  by  screws  e. 
When  a  reamer  is  only  to  project  a  short  distance  into  the  work,  the 
holder  shown  at  B  in  Fig.  26,  can  be  used. 

Settingr  Dies^and  Taps 
Before  a  die  or  tap  and  its  holder  are  placed  in  the  turret,  the  dogs 
should  be  set  in  position  to  reverse  the  spindle  in  the  correct  relation 
to  the  threading  lobe  on  the  lead  cam.  The  two  parts  of  clutch  M  (see 
Pigs.  1  and  6)  should  first  be  engaged,  so  that  the  shaft  carrying  the 
disk  on  which  the  dogs  are  located  will  be  rotated  in  step  with  the  other 
driving  mechanism  of  the  machine.  Then  the  shifter  is  pulled  over 
and  the  main  spindle  started.    The  lead-cam  is  now  rotated  by  means 
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Fig.  81 


Showinar  the  Position  of  the  Roll  on  the  Cam  Lobe  Relative  to  the 
Reversal  of  the  Spindle 

of  hand-wheel  Tb,  Fig.  29,  the  operator  also  pressing  his  thumb  against 
the  turret  slide  and  bearing  on  the  turret  base.  While  rotating  the 
hand-wheel  Ys,  he  watches  to  see  when  the  spindle  reverses;  and  by 
keeping  his  thumb  in  contact  with  the  turret  slide  he  can  tell  when 
the  roll  drops  over  the  highest  point  of  the  lobe  on  the  cam.  When 
the  spindle  reverses  at  the  same  instant  that  the  roll  drops  over  the 
highest  point  of  the  lobe  on  the  cam,  the  dog  is  set  in  the  desired 
position.  This  is  illustrated  graphically,  for  setting  a  die,  in  Figs.  30 
and  31.  In  Fig.  30  a  button  die  is  shown,  held  in  a  holder,  in  posi- 
tion ready  to  start  on  the  work.  The  face  of  the  die  should  be  set 
the  distance  A  from  the  end  of  the  work.  This  distance  varies  from 
1/16  to  3/16  inch,  depending  on  the  pitch  of  the  thread  and  the  length 
of  the  threaded  portion.  In  Fig.  31  the  cam  roll  is  set  just  back  of 
the  highest  point  of  the  lobe;  when  the  roll  is  at  this  point,  the  spin- 
dle should  reverse.  ^  , 
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After  the  first  setting,  if  it  is  found  that  the  die  does  not  travel 
onto  the  work  far  enough,  the  holder  is  brought  further  out  of  the 
turret  The  same  procedure  is  followed  in  setting  a  tap.  except  that 
It  should  be  set  more  carefully,  only  going  into  the  work  a  slight  dis- 
tance when  starting,  and  the  holder  moved  out  of  the  turret  until  the 
desired  depth  is  reached.  It  is  sometimes  found  necessary,  after  set- 
ting the  tripping  dogs,  to  adjust  them  slightly,  especially  when  using 
the  draw-out  type   of  die  or   tap-holder.    The   turret  should   not   be 

indexed  until  the  die  or  tap  is 
clear  of  the  work. 
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Fig.  8il.    SettinfiT  a  Rising  Block 
with  a  Square 


Settingr  Swing*  Tools  and  Taper- 
tuminir  Tools 

Swing  tools  are  used  for  both 
internal  and  external  cutting, 
and  are  operated  under  three 
different  conditions:  first,  the 
cutting  tool  is  fed  into  the  work 
from  the  cross-slide  alone;  sec- 
ond, the  cutting  tool  is  fed  lon- 
gitudinally by  the  turret;  third, 
the  cutting  tool  is- fed  inward  by 
the  cross-slide  and  longitudinally 
by  the  turret.  For  the  first  con- 
dition, the  rising  block  need  not 
be  set  in  any  particular  relation 
to  the  axis  of  the  spindle.  When 
straight  turning  \a  to  be  pro- 
duced  under   the   second   condi- 


tion, the  face  of  the  rising  block  should  be  set  parallel  with  the  axis  of 
the  spindle.  For  the  third  condition,  when  the  work  is  to  be  turned 
taper,  the  face  of  the  rising  block  should  be  set  at  an  angle  with  the 
axis  of  the  spindle. 

In  Fig.  32  is  shown  a  simple  method  of  setting  the  face  of  the  rising 
block  parallel  with  the  axis  of  the  spindle.  An  ordinary  adjustable 
square  is  held  against  the  face  of  the  rear  cross-slide,  and  screw  A  is 
adjusted  until  the  block  is  set  correctly,  after  which  screw  B  is  tight- 
ened. This  method  can  be  used  when  it  is  not  necessary  to  have  the 
rising  block  set  exactly  parallel  with  the  axis  of  the  spindle. 

A  better  and  more  accurate  method  is  shown  in  Fig.  33.  Here  a 
Brown  &  Sharpe  dial  test  indicator  B  is  used.  A  split  bushing  is  in- 
serted in  one  of  the  holes  in  the  turret,  and  a  bent  rod  with  the  indi- 
cator is  held  in  it.  The  finger  of  the  indicator  is  brought  to  bear 
against  the  face  of  the  rising  block  C,  and  the  turret  is  traversed  by 
handle  R^  on  the  No.  0  and  2  machines,  and  by  using  handle  K^,  Fig. 
21,  on  the  No.  00  machine,  inserting  it  in  the  turret  traversing  lever. 
While  the  turret  is  being  traversed  back  and  forth,  the  movement  of 
the  needle  on  the  dial  is  noted,  and  the  screw  A  adjusted  until  no 
movement  is  transmitted  to  the  needle. 
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The  setting  of  the  rising  block  for  operating  a  taper  turning  tool  or 
a  swing  tool  for  taper  turning  is  generally  accomplished  by  the  cut 
and  try  method,  the  first  time  the  tools  are  set  up.  Most  operators, 
when  setting  up  a  job  for  the  second  tin::e,  use  what  is  called  a  "set 
piece"  to  set  the  tools  by.  This  is  a  piece  of  work  which  has  been 
made  correctly  to  size,  but  which  is  not  entirely  cut  off.  as  shown  at 
C  in  Fig.  32.  It  is  gripped  in  the  collet,  and  the  turning  tool  as  well 
as  the  circular  form  and  cut-off  tools  are  set  to  it. 

Settingr  Shavlngr  Tools 
There  are  two  distinct  types  of  shaving  tools  employed  on  the  auto- 
matic  screw   machines,   each   type   requiring   the   use   of   a   different 
holder.     Fig.  34  shows  a  shaving  tool  holder  and  shaving  tool  which 
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Flff.  88.    Setting  the  BlBlnff  Block  with  the  Aid  of  a  Brown  A  Sharpe 
Dial  Test  Indicator 

is  used  without  a  support  for  the  work.  This  type  of  tool  is  used 
when  the  work  is  large  enough  in  diameter  to  withstand  the  cutting 
pressure.  The  angles  on  the  shaving  tools  shown  to  the  rlghft  of  the 
Illustration  for  the  different  materials  are  as  follows: 

^  Material  Cutting-anirle  in  Degrees 

Brass  rod    A  =  20,  B  =  30,  C  =  10. 

Machine  steel    A  =  30,  B  =  40,  C  =  15. 

Tool  steel    A  =  40,  B  =  60,  C  =  15. 

These  angles  need  only  be  approximated,  but  the  table  gives  a  fair 
idea  of  preferable  angles  to  which  a  shaving  tool  should  be  ground  for 
shaving  long  work.  Another  "type  of  shaving  tool-holder  and  shaving 
tool  is  shown  in  Fig.  35.  This  type  is  used  principally  on  steel  work 
which  is  long  in  proportion  to  the  diameter.  It  consists  of  a  shaving 
tool  A  and  support  B.  The  support  B  is  made  an  exact  duplicate  of 
the  shaving  tool  A,  except  that  it  is  not  backed  off  for  cutting,  and  is 
slightly  rounded  on  the  front  end.  It  should  always  be  set  a  slight 
amount  back  of  the  cutting  edge  of  the  shaving  tool.  At  C  and  D  is 
shown  the  way  in  which  these  shaving  tools  should  be  made.  At  C 
the  tool  is  shown  machined  and  ready  for  hardening,  and  at  D  the 
front  part,  shown  partially  separated  at  C,  is  removed  and  the  tool 
ground  ready  for  work.   The  cutting  angles  for  this  tool  are  as  follows: 
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Matarial  CuttliiflrHmffle  in  Degreot 

Brass  rod  a  =  10,  &  =  10. 

Machine  steel   a  =  15,  6  =  15. 

Tool  steel   a  =  20,  6  =  15. 

Settiner  the  Belt-shiftiner  Attachment 
The  belt  shifting  attachment  on  the  Nos.  0  and  2  machines,  which 
is  used  for  changing  the  spindle  from  a  fast  to  a  slow  speed  or  vice 
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Fiff.  84.    Staavins'  Tool  and  Holder  for  lions'  Work 

versa,  is  shown  sot  up  on  a  No.  0  machine  in  Fig.  36.  This  attach- 
ment is  driven  from  the  rear  driving  shaft  through  gears  A  and  J5, 
which  rotate  disk  C,  carrying  rod  D,  the  latter  being  connected  eccen- 
trically to  the  disk  and  operating  the  shifter  on  the  countershafting, 
as  illustrated  in  Figs.  42  and '43  and  Figs.  44  and  45.  Gear  A  has  half 
as  many  teeth  as  gear  B,  so  that  for  every  revolution  of  the  driving 
shaft  the  belt  is  shifted  once.  This  attachment  is  operated  by  clutch 
Ef  which  is  brought  into  and  out  of  engagement  by  a  tripping  lever 
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Flff.  86.    Staavlnir  Tool  and  Holder  provided  with  a  Support  for  the  Work 

and  dog  carried  on  the  drum  on  the  front  camshaft.  It  is  not  advis- 
able to  shift  the  belt  when  a  tap  is  in  or  a  die  on  the  work,  but  the 
spindle  should  rather  be  rotated  at  the  lowest  speed  when  the  tap  or 
die  engages  or  disengages  the  work. 

The  No.  op  machine  is  not  equipped  with  this  belt  shifting  device, 
but  for  steel  work  a  threading  attachment  as  shown  at  A  in  Fig.  37 
is  used.  This  attachment  is  also  supplied  for  the  Nos.  0  and  2  ma- 
chines, but  its  driving  capacity  is  limited  to  the  following  sizes  of 
taps  or  dies.     For  the  No.  00,  the  maximum  diameter  of  tap  or  dle^ 
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that  can  be  driven  by  this  device  is  1/S,  40  threads;  on  the  No.  0 
machine  3/16,  32  threads;  and  on  the  No.  2  machine  1/4,  22  threads. 
When  a  larger  diameter  tap  or  die  and  a  coarser  thread  than  this  is 
to  be  cut  in  the  No.  00  machine,  the  two  speeds  of  the  spindle  are 
employed,  which,  of  course,  necessitates  the  using  of  left-hand  turning 
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Flgr.  86.    The  Belt-Shift! nff  Attachment  used  for  Threading 


Fiff.  37.    Ratio  Threadinsr  Attachment 

tools  in  the  turret.     On  the  Nos.  0  and  2  machines,  the  belt  shifting 
arrangement,  previously  described,"  should  be  used. 

The  ratio  threading  attachment  shown  at  A  in  Fig.  37  is  held  in  the 
turret  and  driven  by  a  belt  B  from  the  countershaft,  through  pulley 
C  and  bevel  gears  D.  The  spring  E  acts  in  the  same  manner  as  the 
spring  in  the  ordinary  draw-out  die  or  tap  holder. 
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There  are  a  number  of  special  cross-slide  and  turret  attachments 
which  can  be  obtained  for  the  Brown  &  Sharpe  automatic  screw  ma- 
chines for  various  operations.  The  method  of  setting  these  attach- 
ments, of  course,  is  entirely  governed  by  the  work  and  the  construc- 
tion of  the  attachment  itself.  Figs.  38  and  39  show  groups  of  standard 
tools  which  are  used  on  the  Brown  &  Sharpe  automatic  screw  ma* 
chines.    The  names  of  the  tools  shown  in  Fig.  38  are : 

Knee  tool,  and  centering  and  facing  tools.  A, 

Box-pointing  tools.  B, 

Box-tool  (two  cutters).  C, 

Box-tool  (one  cutter).  D, 

Adjustable  hollow  mill  (finishing).  E, 

Drill  holder.  F, 

Floating  holder.  G, 

Button  die  holder  (releasing).  H, 

Button,  die  holder  (draw-out).  /, 

Tap  holder  (releasing).  J. 

Tap  holder  (draw-out).  K, 

Small  tap  holder  (draw-out).  L, 

Swing  knurl  or  thread  roll-holder.  M, 

Swing  turning  (tool.  2V, 

Recessing  tool  holder.  0, 

Rising  block  with  adjustable  guide.  P, 

Taper  turning  tool.  Q, 

Angular  cutting-off  tool.  R, 

The  names  of  the  standard  tools  shown  in  Fig.  39  are: 

Turret  knurl  holder.  A^ 

Cross-slide  knurl  holder  (side).  B„ 

Cross-slide  knurl  holder  (top).  C„ 

Spring  collet.  />i. 

Feed  finger.  -E,. 

Centering  tool  and  turret  back  rests.  F„ 

Auxiliary  work  support.  0„ 

Double-throw  cross-slide  attachment.  Hx, 

Slabbing  attachment.  /i. 

Cross-slide  cutting-off  tool  post   (high).  Jx, 

Cross-slide  cutting-off  tool  post  (low).  Ky, 

Tool  post  for  straight  forming  tools.  L,, 

Cross-slide  drilling  attachment.  Mx^ 

Brake  for  spindle.  Nx^ 

With  the  exception  of  the  auxiliary  work  support  shown  at  Ox  in 
Fig.  39,  all  of  the  standard  tools  and  attachments  illustrated  are  dealt 
within  detail  in  Machinery's  Reference  Books,  Nos.  99  to  106,  inclu- 
sive, on  "Automatic  Screw  Machine  Practice."  The  attachment  Ox  is 
used  for  steadying  the  work  and  making  it  run  "dead"  true  when  it 
is  desired  to  turn  down  a  portion  of  the  work  perfectly  concentric 
with  the  remainder  of  the  piece,  which  is  not  to  be  operated  on.  This 
device  is  fastened  over  the  hood  enveloping  the  spring  collet  and  ex- 
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Fig.  SO.    Bepraeentative  Qroap  of  Standard  Tools  and  Attaobmenta  Cor 
the  Brown  A  Sbarpe  Aatomatlo  Sorew  Mflboblnes 
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tends  in  front  of  the  latter.  The  bushing  a,  shown  solid,  is  then 
drilled  and  reamed  out  from  the*  turret,  after  which  it  is  hardened, 
inserted  again  and  lapped. 

Instructions  for  Settingr-up  a  Job  on  the  Automatic 
Screw  Machine 

To  illustrate  the  method  followed  in  setting-up  a  job  on  the  Brown 
&  Sharp  automatic  screw  machines,  we  will  assume  that  a  set  of  cams 
as  illustrated  in  Fig.  40  have  been  designed  and  made  for  producing 
a  button-head  screw  on  the  No.  00  machine.  These  came,  together  with 
the  special  and  standard  tools  which  are  numbered,  are  turned  over 
to  the  operator.  He  also  receives  a  drawing  similar  to  that  shown  in 
Fig.  40.  We  will  assume  that  the  machine  has  been  set  up  for  an- 
other piece  of  work,  so  that  it  is  necessary  to  dismantle  it.  The  first 
thing  the  operator  does  is  to  remove  all  the  tools  from  the  turret  and 
the  cams  from  the  front  and  rear  end  shafts.  He  also  removes  the 
spring  col'et  by  removing  the  cap,  and  the  feed  tube  by  lifting  the 
latch;  then  he  unscrews  the  feed  finger,  which  is  threaded  left-hand. 
The  change  gears  are  now  removed,  leaving  the  machine  dismantled 
ready  for  the  new  job. 

To  proceed,  the  operator  first  inserts  the  spring  collet,  puts  on  the 
ca<p,  and  then  screws  the  new  feeding  finger  into  the  feed  tube,  and 
inserts  the  latter  into  the  spindle.  He  then  puts  the  stock  into  the 
feed  tube,  and  places  a  suitable  pipe  in  the  stand  in  which  the  stock 
is  to  revolve.  This  pipe  should  be  central  with  the  feed  tubes,  thus 
reducing  the  wear  in  the  hole  of  the  latter.  The  belts  are  now  placed 
on  their  proper  cones,  as  illustrated  in  Fig.  41,  to  give  the  desired 
spindle  speeds  for  the  job.  All  belts  should  be  without  rivets,  and 
preferably  should  be  laced  with  wire,  as  this  gives  a  smoother  run- 
ning belt.  Now  oil  all  the  bearings  with  good  machinery  oil,  and  also 
the  friction  clutch.  The  latter  should  be  oiled  at  least  twice  a  day. 
Then  see  that  the  reservoir  in  the  tank  is  filled  with  good  lard  oil, 
the  latter  being  absolutely  necessary  if  the  machine  is  to  be  run 
economically  and  to  its  full  capacity. 

After  the  belts  have  been  placed  on  the  proper  cones,  the  collet,  feed 
finger,  etc.,  having  been  inserted,  the  change  gears  should  be  put  on 
as  Illustrated  in  Fig.  16.  These  gears  are  held  by  thumb  nuts  which 
should  be  tightened  with  the  pin  wrench  supplied  for  that  purpose. 
The  handwheel  ¥»  is  next  put  on  for  operating  the  machine  by  hand. 

Before  putting  on  the  cams,  set  the  collet  so  that  it  has  the  proper 
grip  on  the  stock.  The  method  for  doing  this  has  been  described  in 
Chapter  I.  Now  open  the  collet  again  and  push  the  stock  out  far 
enough  to  be  faced  off  by  the  cut-off  tool.  Close  the  collet  by  means 
of  the  handle  and  start  the  spindle.  Now  set  the  cross-slide  circular 
form  and  cut-off  tools  directly  at  the  height  of  the  center  of  the  work, 
and  in  their  proper  relation  to  each  other.  Next  put  on  the  front  and 
rear  cross-slide  cams;  and  if  the  job,  as  this  one  does,  requires  a 
threading  operation,  the  shaft  with  the  drum  carrying  the  tripping 
dogs  for  reversing  the  spindle,  should  be  connected  with  the  front 
camshaft.' 
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Next,  eet  in  the  cross-slides  by  adjusting  nuts  A,,  Fig.  21,  so  that 
the  circular  form  and  cut-off  tools  travel  in  to  the  required  distance. 
Place  the  hollow-mill  in  the  turret,  set  it  correctly,  and  also  set  the 
tripping  dog  so  as  to  revolve  the  turret.  Put  the  box-tool  in  the  tur- 
ret, set  it,  and  also  set  the  dog  for  indexing  the  turret.  The  die  is 
then  set  as  previouslyy  described,  and  all  the  tripping  dogs  are  set  to 
index  the  turret  completely  around.  .  After  all  the  tools  have  been  set 
in  their  proper  relation,  make  a  piece,  except  threading,  by  turning 
the  handwheel;  at  the  threading  operations  drop  down  the  die  so  that 
it  does  not  pass  onto  the  work.  Gage  the  piece  thus  made;  if  it  is 
correctly  to  size,  and  the  tripping  dogs  for  reversing  the  spindle  and 
the  die  have  been  properly  set,  throw  the  feed  clutch  by  means  of 
handle  P,  Fig.  1,  and  start  the  machine. 

When  the  bar  is  all  used  up,  the  chuck  should  be  opened  by  tripping 
the  lever,  and  the  turret  revolved  by  withdrawing  the  locking  pin,  so 
that  it  will  not  interfere  with  the  short  piece  left  in  the  chuck,  which 
should  be  driven  out  for  the  insertion  of  a  new  bar.  To  insert  the 
new  bar,  turn  the  handwheel  sufllciently  to  bring  the  shoulder  of  the 
feed  tube  against  the  end  of  the  spindle,  and  push  out  the  bar  just 
far  enough  so  that  its  front  end  can  be  faced  off  with  the  cut-off  tool. 
Now  turn  the  turret  back  into  position  and  start  the  machine  by 
throwing  in  the  clutch.  The  ends  of  the  rods  of  stock  should  be 
ground  to  remove  the  burrs,  thus  insuring  their  entering  and  feeding 
freely  and  evenly  through  the  feed  tube. 

The  work  should  always  be  tested  after  the  insertion  of  a  new  bar 
of  stock.  If  the  parts  made  are  short  or  thin,  the  tools  will  become 
dull  much  more  quickly;  consequently  the  work  should  be  tested  more 
frequently  in  that  case,  so  that  any  errors  may  be  corrected  as  soon 
as  possible. 


CHAPTER  III 

COUNTERSHAFT  ARRANGEMENT  AND 
SPINDLE  SPEEDS 

The  arrangement  of  the  spindle  speeds  for  the  No.  00  automatic 
screw  machine,  as  well  as  the  spindle  speeds  of  the  No.  00  automatic 
turret  forming  and  the  No.  00  automatic  cutting-off  machines,  are 
shown  in  Fig.  41.  The  spindle  speeds  obtainable  on  the  No.  0  auto- 
matic screw  machine,  as  well  as  the  arrangement  of  the  countershaft 
with  Bespect  to  the  main  shaft,  is  shown  in  Figs.  42  and  43.  The 
spindle  speeds  obtainable  on  the  No.  0  automatic  turret  forming  ma- 
chine and  on  the  No.  0  automatic  cutting-off  machine  are  also  given. 
The  arrangement  of  the  spindle  speeds  for  the  No.  2  automatic  screw 
machines  are  shown  in  Figs.  44  and  45,  where  the  spindls  speeds  for 
the  No.  2  automatic  turret  forming  and  automatic  cutting-off  machines 
are  also  given. 
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Flff.  41.  ArrMvement  of  Spindle  Etpeeds  for  No.  OO  Brown  St  Sharpe 
Automatlo  Screw  Maohlnee 

The  counter-shaft  arrangement  shown  in  Figs.  41  to  45  drives,  both 
the  main  spindle  and  the  rear  driving  shaft.  The  rear  driving  shaft 
is  driven  independently  of  the  cone  pulleys  by  a  double  loose  pulley 
mounted  on  the  end  of  the  second  countershaft  This  pulley  acts  as 
an  intermediate  between  the  main  line  and  the  feed  mechanism,  driv- 
ing the  latter  at  a  constant  speed.  The  belts  are  all  controlled  by 
means  of  one  shifter  handle. 
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FlflfS.  42  and  48.    Arrangement  of  Spindle  Speeds  for  No.  O  Brown  A  Sharpe 
Automatic  Screw  Machines 

For  the  No.  0  machine,  the  countershafting  may  be  set  up  as  in 
Fig.  42  or  as  in  Fig.  43,  to  suit  the  location  of  the  main  line-shaft.  In 
Fig.  42,  A  is  on  the  outside  of  the  hanger,  and  in  Fig.  43.  on  the  in- 
side. The  first  countershaft  is  always  nearest  the  main  line-shaft,  and 
the  sides  R  of  the  hangers  are  always  its  support.  The  long  shaft  B 
with  pulley  B  may  be  placed  in  either  pair  of  boxes,  so  that  belt  C 
will  clear  the  feed-slide  of  the  machine.  If  b^lt  E  interferes  with  the 
shifter-rod  at  D,  belts  E  and  C  may  be  crossed.     The  belts  will  gen- 
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Flffs.  44  and  46. 


Arrangement  of  Spindle  Speeds  for  No.  fi  Brown  A  Bharpe 
Automatic  Bore-w  Machines 


erally  clear,  as  the  main  line-shaft  la  usually  lower  than  the  counter- 
shaft. Rod  F  can  be  nearly  vertical  when  the  drilling  attachment  is 
not  used. 

For  the  No.  2  machine,  the  countershaft  can  be  set  up  as  in  Fig.  44, 
or  as  in  Fig.  45,  to  suit  the  location  of  the  main  line-shaft.  In  Fig. 
44,  A  is  on  the  outside  of  the  hanger,  and  in  Fig.  45,  on  the  inside. 
The  long  shaft  with  pulley  B  can  be  placed  in  either  pair  of  boxes,  so 
that  belt  C  will  clear  the  feed-slide  of  the  machine.  If  belt  E  should 
interfere  with  the  shifter-rod  at  D,  belts  E  and  C  may  be  crossed. 
Belt  E  will  generally  clear,  as  the  main  line-shaft  is,  as  a  rule,  lower 
than  the  countershaft. 


Digitized  by  CjOOQ iC 


46 


No.  99—SCREW  MACHINE  PRACTICE 


I 


I 


ooco 


tH  -s*!  00  ^  '^  t*  o  o  00  o  o  00  a»  «o  09  a»  lo  c^ 


a&a&o&QOooo»e»QOoob-t*e»e»cDcoco»oiOT»«'^T»«ooooc» 


o»c9QOo«D^-^06eoaoc9t-^oo»QOt*«9iO'^eee9iHa» 


coioc»ciooeoooo»QOc»<D<eooc9a»ooco-^ee-4a»t*o 


oDococo«Dooooiot*a»THoof*fHcoo-^aoGQ<0oieo» 


^THt-©c«'^*<«ooooT»«'*'^»oio««ot»ooaoa&a&OTH,H 


«d4aoT-iooa»-^>Aoeot*v-t'^ooaooeo>i>Tf<c^a»«Doe^ao 


lOa»'^'^O<D«D^lOO»OOt*OaOaOOOOQOMdOOYHQO<0OO 
THrHTHTHT-li-«THTH^C9C»0«^C^OOOO 


rH^^^r^rH,-lTHOic5o«OJ<»0005«00 


rnnpea 


o  o  th  ^  ,H  th  ^  TH  ^  ci  w  c5  c5  00  00  So  ^  ^  '^  lo  55 15  S 
o  o  o  o  o  o  o*  o  o  o  o  o  ®  ®^^  ^  ^  ^  ^  o  o  o  o 


H&«H:H:H.«H::S<X'«-^HM:**3H=t'«'aM=C 


Digitized  by  VjOOQlC 


SPINDLE  SPEEDS 


47 


% 


\ 


9 


S 


S 


& 


8 

I 


I 

I 


00  r^  «  lO  b- Oi  «> -^  CD  00  O  «Q -*  CD  00  O  00  »0  l»  Oi  *H  00  « 
O  01  05  '^'  lO  CD*  00  GO*  Q  t-i  00  ^j  »g  CD  t--'  Ob  O  i-I  Co'  00  i©  CO  »•*  00 

T-iT-iT-ir-iT-ir-iT-iTHc^oieQic^o$^oie9eooo?ooomooeoeo 


-<*  lo  -^jj » -^  00  00  00  00  00  00  00  00  00  « t»  « t»  cQ  r-  e^  «•  o«  fc^ 

r-i*-m-iT-l«-iSe()3^SSSSSSSooS$^999'^ 


b»  -^  O  CD  00  O  lO  0«  00  lO  iH  t-  "^  O  CD  00  Oft  lO  C^  00  lO  T-J  00  <^ 

T-iT-iT-iT-io<ic5cicioiio<ioooo«eooooO'^"^'^^'^^»5*o 


0»^0(|i-l0ft00CDie00«HO00fc*1000AO0ftb*CD<^09^0» 


0«HO)OftOftOftO)OftO)0)0)OftOftOftO)000000000 


'^r-o»e9ieb*oco>ooovHoocDOfti-i'^t«o>oQ»eQOooocD 
Sc(io9G9c(ioeSoooS93'^'^'<4'*o«oSioSScDSi>i> 


0d0ft0000t«^CDO<^0>00t«C(lCDr-il00»'^0009b*T-il0O 


090QOcD'^690QOCD'^OQOftb*^eOT-iO)b*^eOi-iO)e«iO 


*55SS5S'^SC'**'t*ocoiooQ^^t-Oftc«»OQO-^oo»» 

O90loOOOeOTO-^'^'<4««O<Oi3iocD<DCDCDt-t*i>ODQOOOaO 


a000b*b*C*CDCDcDCDCDCDieiOlO>O'^'^^^00C 


lt*v-4^O'<«aooo^•THCDO'^0»eo^«oi)cDOlOO» 
^'  "*'  00  i-I  lo  00*  »-•*  »o*  go  05  lo  oa  05  ^  06  ^  cc  0&  go  «  ^ 

|t<^<«^lOl3l0CD^V^-t•t•Q000Q00&$0»OOO 


jOOOCOC5l06lOG«lOO"^*-^t»800COCOO>iOOiaO'T|< 


S$^9 


OO-^-^-^-^JOJOlOlOlft^OCDCDCDCDt-l^t-t-t* 


o»  "^t-oa 


051 -^t- Oft 

g'  «i  00  »•' 
I0  9>CD 


C^l'^t^OftCO'^COOft^'^CDQO' 

©5  CD  o  3J  si  2?  ^•  -:*  CO  o  "^  00  c 

t»t-OOOOOOOiOiOO'^rHi-*c 


O  "^  Oi  00  t- C«l  CD  TH 


lOO'<4«aOOOr--^CDOlOOftCOOOO(lCDTH 


C<1  t-  -i  CO 


rH  CD  O  >0 
CD^t't- 


»-i00»O«0ft^-"^»-i001OG^Oft 
O'^A^OpoOOOCOt-OQt*-^ 

aoabaooftOftOo«H*-ioQ09os 


coeoofc- 

CD^ 

00" 


>r<*  Oft  c 


tScoSoSi 

)10  10<0CDC 


oooooooo 


t>  Oft  O  »-i  CQ -^  lO  fl 

S— »0  00  — '«»•  t>< 
t- fr- r- 00  00  00  < 

o  o  o  o  d  o*  o  o  o  o  o  o  c 


>t*Oft< 
>OSCD< 
>  Oft  Oft  < 


H:<i:'*»3l8SSH«sB<$"^d5*$'^SR3^ 


Digitized  by  CjOOQ IC 


48  No,  99— SCREW  MACHINE  PRACTICE 

Surftboe  Speed  of  Stock 

Tables  II  and  III  give  surface  speeds  of  stock  varying  In  diameter 
from  1/64  to  1  Inch.  All  the  spindle  speeds  obtainable  on  the  various 
sizes  of  automatic  screw  machines  are  Included,  except  a  few  spindle 
speeds  which  are  so  near  to  those  listed  that  the  variation  in  the  sur- 

TABLB  rV.    PRINCIPAL  DHOINBIONS  OF  AUTOMATIC  SCREW  MACHINB8 


No.  of  Machine 


I 


00 


No.  of  changes  of  spindle  speeds 12 

Dia.  of  hole  through  largest  feed  finger ^^ ' 

Dia.  of  hole  through  feea  tube f  J ' 

Extreme  length  of  feed 2" 

Extreme  length  that  can  be  turned \\" 

No.  of  holes  in  turret 6 

Dia.  of  holes  in  turret t ' 

Dia.  of  turret 8|" 

Greatest  length  of  tool  that  turret  will  swing.  2^ ' 

Least  distance  bet.  turret  and  collec  face 1 1" 

Greatest  distance  bet.  turret  and  collet  face .  8  ' 
Greatest  dia.  that  turret  will  swing  and  clear 

turret  slide If" 

Adjustment  of  turret 

Movement  of  cross-slides ,  1" 

Distance  from  center  of  spindle  to  floor |  46" 

Floor  space 22"  x  40 


12 
i" 

W 

6 

J" 
4" 
Si" 
2i" 
4i" 


U" 
46" 
23"x81 


12 

i" 

6 

1' 

5' 
81" 

2r' 

6i" 

21" 
1" 
U" 
46' 
26  X  60 


face  speed  of  the  stock  would  be  very  slight.  For  diameters  and  spindle 
speeds  not  listed  in  the  table,  it  will  be  an  easy  matter  to  And  the 
equivalent  surface  speed  in  feet  per  minute  by  simple  proportion. 

In  Table  IV  are  given  the  principal  dimensions  of  the  Brown  & 
Sharpe  automatic  screw  machines.  The  dimensions  here  given  will  be 
found  useful  both  by  the  operator  of  the  machine  and  the  designer  of 
cams  and  tools  for  automatic  screw  machine  work. 
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MO.  58.  Mellcal  and  EUiptlo  Sprinffi.^ 
Calculation  and  P^eslgn. 

Mo.  59.  W&eliiBes,  Tools  iAA  MetbodB 
of  Antoxnoblle  Manufacture. 

Mo.  60.  Construction  and  MantifactTiro 
of  Amtomobilea. 

Mo.  tl.  BlMliiinitli  Sliop  Practice.— 
Modt'l  Blacksmith  ^5hnp;  WVldlnji;  F'^rn- 
Ing^  uf    Hooks  and    Chalnr^;    MiseeUant^uuB. 

Mo.  62.  Hardmess  and  Durability  Test- 
ing of  Metals. 

Mo.  S3.  Heat  Treatment  of  SteeL^ — 
U a  rdt-  n  1  n  g,    Te m  p-  1 1  n  k  .  Ca  wt- -  H<u  d  pi i  i  ii  g . 

Mo.  64,     Clas^e  MaMBr  n^nd  Lapping. 

Mo.  65*  Pormulas  and  Conitants  fot 
aas  Engine  Deeign. 

MO.  66.     Beating     and     Tenttlatton     of 
SlLops  and  Ofllcei* 
MOi  67.     BoUerip 

Mo.  68.  Boiler  Fnraaces  and  CMm^ 
n«7i- 

Mo.  69.     Peed  Water  Appliances. 

Mo.  70.     Steam  Engines. 

Mo.  71,     Steam  Tnrbines. 

Mo.  73.  Piim.pl,  Condeiiserst  Steam  and 
Water  Piping, 

Mo,  73-  Principles  and  Applications  of 
Electricity,  I'.Ht  I — Stnlh-  Kh-itricliy; 
rCUetrleal    M'^asurem* nts ;    Hatlerien. 

Mo.  74.  Principles  and  Application v  of 
Electricity,  P:trl  II. — MiiKTHtism;  I-^lec- 
tni  MagiiiHlsm:     EK'ctro-Plutinfe'. 

Mo,  75.  Princlplei  and  Appllcatlona  of 
Blectrloity^  Part  IIL — Dynamos;  Motora; 
Elet:trlc    Hallways, 

Mo.  76.  Principles  and  Applications  of 
Electricity,    Pirt    lV.-~i:h  -  1 1  i*      TJi^-liting: 

Mo*  77,  Principles  and  Appllcatloni  of 
ElectFldty,  Part  V.— Ti.legmf>li   and  Ti.U2 

Mo.  78.  Principles  and  Application  ft  of 
Electricity,  Part  VP — Transmission  of 
Power, 


Mo.  79.  tooOTOOtlve  Building',  Part  t.— 
Main  and  Side  Rods. 

Mo.  80.  Xfooomotlve  Bnildlngt  Part  II. 
—Wheels;  Axlos;   Driving  Boxes. 

Mo.  81.  Locomotive  Bnilding,  Part  III 
— CyUudors    nu^l    Franuin. 

Mo.  83.  Iiocomotlve  Bnilding,  Part  IV. 
— Valve  Motion, 

Mo.  83.  JiOcomoUvo  Btiilding,  Part  V 
-^BMiler    Shop    l^niitSru. 

Mo-  84.  liocomotivo  Bnilding,  Part  VI, 
— Erecting* 

MO.  85.  Keclianical  Erawlnff,  P£Lrt  I. 
—  Instruments;  Miil^rials;  Geometrlral 
Problems, 

Mo.  86.  Keclianical  Prawingi  Pari  If, 
— Projection. 

Mo.  87,  Mechanical  Drawing,  Part  111. 
'— Macliine   Dttail.H. 

Mo.  88.  Mechanical  Drawing,  Part  IV. 
— JInthiiit*    DiitaiLs. 

Mo.  89.  Tb6  Theory  of  Shrinkage  and 
Forced   Fits. 

Mo,  90,     BaUway  Bepair  Shop  Practice. 

Mo.  91.  Operation  of  Machine  Tools. — 
TiM'    l.athM.  Part  I, 

MO.  92.  Operation  of  Machine  Tools. — 
Th*>  Latho.  Part  PI. 

Mo.  93.  Operation  of  Machine  Tools.— 
Pluru-r,   Shapor.    Slotter, 

Mo.  94.  Operation  of  Machine  Tools.— 
iJrilllnK    Miieiiinef^. 

Mo.  96.  Operation  of  MAdjlne  Tools .^ 
Hnring  MuthriK-s. 

Mo.  96.  Operation  of  Machine  Toola,- 
Milliim  MachiniM,  Part  1. 

Mo.  97.  Operation  of  Machine  Tools — 
Milling  Min:  III  lies.  Part  IP 

Mo-  98.  Operation  of  Machine  Tools. — 
G  r  i  r  I  ding  M  a  e  h  i  in  s . 

Mo.  99.  Automatic  Screw  Machine 
Practice,  E*;ir»  L— iH^TatiMn  <.f  Uo'  Prijwn 
A:   Sliurpo  Aiit'jnuitic  JScrcw    Mailiine. 

Mo.  100.  Antomatlc  Screw  Machine 
Practice,  Part  IL — Kesli^nlnK  and  ^lJttln^J 
Cams    for    the    Antomatic   8crew    APiehine. 

Mo-  101.  Automatic  Screw  Machine 
Practice,  P'art  II L — I'lrrnlar  Forminj^  and 
Out -off   Tuuls. 

Mo-  lOa.  AntomAtlc  Screw  Machine 
Practice,  Part  IV.— External  Cutting 
Ti  nds. 

Mo,  103.  AntomAtlo  Screw  Machine 
Practice,   Part    V  —  Internal  Tutting  Tools. 

Mo.  104.  Automatic  Screw  Maohlne 
Practice,  Part   \  L — Thrcadinjij  Oprratlon.^3. 

Mo.  105.  Automatic  Scr«w  Machine 
Practice.    Part  VIP — Knurling  Opt-rathms*. 

Mo.  106-  Atitomatlo  Screw  Machine 
Practice,  I'art  Vlll. — rross  Drilling?,  Burr- 
ing and    Sl^aHnj^  Oprni tion.s. 


ADDITIONAL  TrTLBS  "WILL  BB  AamOtJNCBD  IN   MACHINHRT  FROM  TIME  TO  TXM3S 


MACHINERY'S    DATA    SHEET    SERIES 

MACHi5ERy's  Data  Sheet  Books  include  the  well-known  series  of  Data  Sheets 
originated  by  Maciunkbv,  and  issued  monthly  as  supplements  to  the  publication; 
of  these  Data  Sheets  over  500  have  bet^n  publishLd,  and  6.000,000  copiea  sold.  Re- 
vised  and  greatly  amplified,  they  are  now  pri^sented  in  book  form,  kindred  sub- 
jects being  grouped  together.  The  purchaser  may  sfcure  ^itlp?  the  books  on 
those  subjects  in  which  he  is  specially  interested,  or,  if  h©iai(tel^*aMC^*ie  set  at 
one  time.  The  price  of  each  book  is  25  cents  (one  shilling}  deliverecf^anywbere 
the  world. 


OONTSNTS  OP  DATA  SHEET  BOOKS 


WtOm  1,  lOMW  Tlir«Ad9.— TTnited  States, 
Wliltwfirth,  Sharp  V-  nml  Brlttwh  Assrirln- 
linii  Ptandurd  Thr<^juls;  Brli^jTS  PUi« 
Thrtaa;  Oil  Well  Cnsinj?  Gapes;  Plre  Hose 
Coonectlona;  Acnio  Thn^ad;  Wprni 
Threads;  Metric  Threads;  Machine,  Wnod. 
and  Lair  Screw  Threads;  Carriage  Bult 
Threads,,  etc. 

Mo.  8.  Scrvwv,  Boltft  and  Wats. — Fll- 
Jlster-heaiJ,  Square-hiNid.  HeiidleK»»  Cal- 
lur-head  und  iliL>xag:on-ii*^ftd  Svrews;  Stand- 
ard and  HpiH'ial  NuL**;  T-nut»,  T-bolta  and 
WaHiitim;  Ttiumlj  8(^row»  and  Nute;  A*  L. 
A.  M.  Standard  Screws  and  Nuta;  Machine 
Screw  Iluada;  Wood  Screws;  Tap  DrHl»; 
L'>clc  Nut»;  Eye-bolts,  etc. 

Wo.  3.  Tftpa  and  Dl««. — Hand.  Machine. 
Tapper  and  M.-nlifne  Screw  Tap«;  Taper 
Die  Tapa;  Scllera  Hobs;  Screw  Maclime 
Taps;  Straight  and  Tapnr  Boll  ?r  Taps; 
Stay-bolt,  Waflhonl,  and  Patch -bolt  Tapw; 
Plpt'  Taps  Jiiid  H^ibfi;  Solid  Sriuar*^.  Round 
Adjtistabie  and  Spring-  Screw  Threading 
Dit>s, 

ITo.  4.  Bsamerv,  Sockets,  Drills  amd 
muing-  CntteTa* — Fland  Heamcr»;  Shell 
Hoanitrs  and  Arbors;  I'tpo  Reamers;  Tap^-r 
I'inn  and  Ht-amera;  J^rown  &  Sharpe, 
M'lrHt^  and  Jarn«>  Taper  Socltets  and  Ream- 
ers; Drilig;  Wire  Ga(?c«;  Milling  Cutters; 
Setting  AnpleK  for  Milling:  Teeth  in  End 
Mtils  lind  Aaguiar  CutterSt  etc. 

Mo.  5.  SptiT  O-eatlng,— Diametral  and 
Circular  Pitch;  Iiimen«lnn»  of  Spur  Gears; 
TaVtles  of  r*itch  Diameters;  OdontuKraph 
Tables;  Rulling  Mill  Gearing;  Strenifth  of 
Spur  Gears;  Horsepowt^r  Transmitted  by 
Cast-iron  and  Rawhide  Pin  tons;  Design  nf 
Spur  Gears;  Weight  of  Cast-lrun  Gears; 
Eph-yclle  Gearing. 

Mo.  e.  B6T«1,  Spiral  aad  Worm  Oear- 
ing, — Rules  and  Formnias  for  Bevel 
Gears;  Strength  of  Bevel  Gears;  Design 
of  Bevel  Gears;  Rules  and  Formulas  f<tr 
Spiral  Gearing;  Tables  Facilitating  Calcu- 
lations; Diagram  for  Cutter«  for  Spiral 
Gears;  Rules  and  Formulas  for  Worm 
Gearing,  etc. 

Mo.  7.  Bhaftliisr,  X»7i  and  Xeyways. — 
Hnrsepnwer  of  Shiiftlniir;  Diagrams  and 
Tabic  H  fur  the  Strength  f^f  Shaltlnfe; 
Forcing,  Driving,  Shriniting  and  Running 
Fits;  Woodruff  Keyw;  United  States  Navy 
Standard  Keys;  (lib  Koys;  Milling  Key- 
T^ays;   I>up]«x   Kty». 

Mo.  8.  Bear  lags,  Conpllii|rs,  Clutcliev, 
Crane  Clialn  and  Hoolcs. —  Pillow  Blocks; 
Babbitted  Bearings;  Boll  and  Ftoller  Bear- 
ings; Clamp  CouplingM;  Plate  Coupllng«; 
Flange  Cuupllnga;  Tooth  Clutches;  Crab 
Couplings;  Cone  Ctutchoa;  Universal 
Joints:  Crane  Cliain;  Chain  Friction; 
Crane  Hooks;  Drum  Scores. 

Mo.  9.  Sprlng-B,  emd«*  and  Kachlne 
Details* — Formulast  ami  Tables  for  Spring 
Calculations;  Machine  Slfdevs;  Machine 
Handles  and  Levers;  Collars;  Hand 
Wheels;  Pins  and  Cotters;  Turn-i>ucklea> 
etc.  ^ 

Mo.  10.  Motor  Drlira,  Speeds  and  Feeds, 
Cliange  Clearing,  and  Borm^  Sars*  —  IVjwer 
required  for  Machine  Tools;  (^uttinK 
Speeds  and  Feeds  for  Carlion  and  Hlgh- 
Bpt^ed  Steel;  Screw  Maciilni'  Speeds  and 
Feeds;    Heat     Treatment    of    High-speed 


Sle<^l  Tools;  Taper  Turning;  Change  0« 

Jng  for  the  Latt>e;  Boring  Bars  and  Tool*, 
etc. 

Mo.  11.  KllUac  Macblns  Ikidaxisff, 
Clampiar  Devices  and  Planer  Jaeka.^ — 
Tables  for  Ml  11  Jng  Machitie  Indextfic; 
Change  Gears  for  MUnng  Spirals;  i\.n«|«« 
for  setting  Indexing  Head  when  MtlUnir 
Clutches;  Jig  Clamping  Devices;  Str^^pis 
and  Clamps;  Planer  Jacks, 

Mo.  12.  Pips  a&d  Pipe  ntttanr — P}p« 
Threads  and  Gages;  Cast-iron  Fitttfiifw; 
Bronae  Fittings;  Pipe  Flanges ;  Ptp« 
Benda;  Pipe  Clamps  and  Hangers;  Oline-n- 
slons  of  Pipe  for  Various  Services,  etc. 

Mo.    13.     Boilers   and    OMmna7fl,--i''i  >> 
Spacing  and  Bracing  for  Boilers;  St 
of  Iiolier  Joints;  Riveting;  Boiler  ,^ 
Chimneys, 

Mo.  14.  irocomotlTS  and  Bailwmy  Data* 
— Locomotive  BoUers;  Bearing  Preai^urcs 
for  Locomotive  Journals;  LcK:oniotIv« 
Claaslflcatfons;  Rail  Sections;  F^€m%, 
Switches  and  Cross-overs;  Tires;  Tracttx-e 
Force;  Inertia  of  Trains;  Brake  LcT^rs; 
Brake  Rods,  etc. 

Mo.  15.    Steam  and  Oas  Bngln^s. — Snt- 
iirated    Steam;    Steam    Pipe   SueB:    " 
Engine     Design;     Volume     of     Cyi 
Stuming    Boxes;    Setting    Corllsa     . 
Valv&    Gears;    Condenser    and    Air    luri," 
Data;    Horsepower    of    GafHiUn^    Englnfs; 
Automobile    Engine    Cranksl^afts.    etc 

Mo.  10.  IKatlieinatioal  Tables, — Squares 
of  MIx*h1  Numbers;  Functions  of  Frac- 
tions; Circumfenncc  and  Dlametera  nif 
Circles;  Tables  for  Spacing  oflf  CircJe*: 
Solution  of  Triangles;  Formulas  for  Solv- 
ing Regular  Polygons;  Geometrical  Pro- 
gression, etc. 

Mo.  17.    Mechanlos  and  fttrenrth  of  iKa- 

tsrials. — Work;         Energy;         r  •  rt     '      al 
Force;   Center   of   Gravity;    M* 
tlon;  Pendulum;  Falling  Bodle  _:h 

of  Materials;  Strength  of  Flat  i^iai«fa; 
Ratio  of  Outftlde  and  Inside  Radii  of 
Thick  Cylinders,  etc. 

MOi  18.  Beam  Formulas  and  Stroetasal 
I>eslgti, — Beam  Formulas;  S<-ctlonal  Mod- 
uli of  Structural  Shapes;  Beam  Cl)art«. 
Net  Areas  of  Structural  Angles;  Riv^t 
Spacing;  Splices  for  t^hannels  and  1- 
beams;   Stresses  in   Roof  Trusses,   etc. 

MO.  19.  Belt,  Kope  and  dials  Drlv«a- — 
Dimensions  of  Pulleys;  Weights  of  Pul* 
leys;  Horsepower  of  Belting;  Belt  Velor^ 
Ity;  Angular  Belt  Drives;  Horsepowr't 
transmitted  by  Ropes;  Sheaves  for  Rofw* 
Drive;  Bending  Stresses  In  Wire  Ropes: 
Sprockets  for  Link  Chains;  Formulas  ana 
Tables  for  Various  Classes  of  DrUing 
Chain, 

MO.  SO.  Wiring'  Diagrams,  Msati&f  and 
Tentilatloni  and  MlsosUanaoos  Tablsa.— 
Typical  Motor  Wiring  Diagrams;  Resist- 
ance of  Round  Copper  Wire;  Rubber  Cov- 
ered Caldes;  Current  Densities  for  Vari- 
ous Contacts  and  Materials:  Centrifugal 
Fan  and  Blower  Capacities;  Hot  Water 
Main  Capacities;  Miscellaneous  TaT>les; 
Decimal    Equivalents,    Metric    *'  n 

Tables,    Weights   and   Specific    *  f 

Metals.  Weights  of  Fillets.  Dm:  m 

Conventions*    etc. 


MAriTiNETiy,  the  monthly  mechanical  journal,  originator  of  the  Reference  and 
Data  Sheet  Series,  le  published  in  four  etlltlons — the  Shop  Edition,  $1.00  a  year; 
the  Engineering  Edition,  $2.00  a  year;  the  Railway  Edition,  |2*00  a  year,  and  tli« 
FoniQn  Edition,  |3.00  a  year. 
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MAOHINERY*S  REFERENCE  BOOKS 

This  treatise  is  one  unit  in  a  comprehensive  Series  of  Reference  books  ori^Ioa 
hy  Machinery,  and  including  an  indefinite  number  of  compact  units,  eaeli  cover 
one  subject  thoroughly.     The  whole  series  compriBes  a  compiele  working  library 
of  mechanical  literature.     The  price  of  each  books  Is  25  cents  (one  sbilling)   d^  i 
llvered  anywhere  in   tlie  world. 


LIST   OF   SEPEBENCE    BOOKS 


VOi  It  Worm  0«ftriiiff. — Culculntine  Di- 
menslonn;  Hobs ;  Location  of  Pitch  Cir- 
cle;   Self-Locking    Worm    G tearing,    etc. 

ITo.  2.  Ural ti&ff-Sooxii  Practice  * — 
Systems;  TraclJUB:,  Lettt^ring  and  Mount- 
lag. 

VO.  3.  UliU  JiM,— Principles  of  Drill 
Jlgrs^  Jig   PlQles;    ExampleB   of  Jigs. 

Wo.  4.  MtUliir  PixtTurti, — Principles  uf 
Fixtures;    iixaniples  i>f    Design. 

Vo.  5,  Tixmt  PrtiLOlpIeB  of  Tli«or«tloal 
Meobanici. 

ITo.  6.     Puncli    and    Sie    Wozk. — Prlncl- 

fles  of  Punrti  and  Die  Work;  Making  and 
Tslng  Diesi    Die  and   Punch  Design. 
Ho.  7.     I^Atlie   and    Planer   Tool*,— Cut- 
tlnif  Tools;   Boring  Toi>1h;   Shape  of  Stan- 
dard Shop   Tools;   Foroiing   Tools. 

Wo.  B,  Working  Brawing-a  anil  Bfaft- 
int^Wtoom.  Kinks. 

Ho.  B.  Haalgning  and  Cutting  Cama.^ 
Drafting  of  I'ams:  Tani  CnrvtHp  Cam  Dt- 
sign  and  Cam   Cutting. 

Ifo.  10.  ExampIeM  of  Machtzi*  Shop 
pra<:tlc«.^4Z:uttlng  Bevfl  Geara;  Making 
a.  WormHlear;   Spindle   Construction. 

Vo.  11.  a«arlnffl. — r:>esign  r>f  Bear- 
ings; CauMt'H  ^>f  H'>t  Boarlngs;  Alloys 
for  Bearings;  Fricllun  and  Lubrication. 
Mo,  la.  Out  of  print. 
Wo.  13.  Blanking  Dies. — Making  Blank- 
ing Dies;  liliinkInK  and  Piprcirig  Dies; 
Split  Dies;  Novel   Ideas   In   Die  Making. 

Wo.  14.  SstailB  of  KacMne  Tool  Z»«- 
sirn — Cone  PtilJeyf^  and  Belts;  Strength 
of  Countershafts;  Tnmbler  Gear  Design; 
Faults  of  Iron  Castinijs. 

Wo.  15.  Spur  de&ring'.^Dlnfienslons; 
Design i    Strength;    Durability. 

Wo.  ie»  MacMne  Tool  I^riTaa.— Speeds 
and  Feeds;  Single  Pulley  Drives;  Drives 
for  High  Spped  Cutting  Tools, 

Wo.  17.  Strfinffli  of  Cylind«rs.^For- 
mulas,   Charts,   and   Diagrams. 

Wo.  18*  Sliop  ATltlimetic  for  tlie  Ha- 
Ohlnlat. — ^ Tapers:  Change  GearH;  Cutting 
*Sp+'eds:  Feeds:  Indexing;  Gearing  for  Cut- 
ting  Spirals;    Angles. 

Wo.  19.  na«  of  FormnlaB  In  U«olianlev. 
—  With   numerous  applications. 

Wo.  20.  Spiral  G^ariaB-.— Rules,  Formu- 
las, and   Diagrnnis,  etc. 

Wo.  31.  Maafliudng  Tools. — History  of 
{Standard  Measurements;  Calipers;  Com- 
passes; Micrometer  Tools;  Protractors. 
Wo.  23.  Calculation  of  Element!  of 
Machine  Beslgn. — Factor  nf  Safety; 
Strength  t>f  Bolts;  Riveted  Joints;  Keys 
and   Key  ways:   Toggle-joints. 

Wo.  33.  Tbflory  of  Oraaa  Bailgti. — Jib 
Cranes;  Shafts^  Gears,  and  Bearings; 
For<f*  to  Move  Crane  Trolleys;  Pillar 
Cranes. 


Wo.  24.     Exaaiplea    of    Calenlatla^ 
alnia. — Chart.s    in    Designing;    Purn  h 
HUeter     Framet?,     Shear     Frumcs.      Bill 
and   Bar  Passes;   etc. 

Wo.  25.  Deep  Bole  Srillinr^ — Methii^ 
of  Drilling;  Construction  of  I>rJlls. 

Wo.  26.  Modem  Punch  and  Bi«  Coa^ 
atmction, — Cunsiructlon  and  Use  of  Siib^ 
press  Dies;  Modern  Blanking  Die  Con- 
struction; Drawing  and   Forming  Dies. 

Wo.  37.  locomotive  Beaign,  Pnrt  1.— 
Boilers,   Cylinders,   Pipes   and    Pistons. 

Wo,  38.  Xrocamotlve  Jloalcu,  Part  II.— 
Stephenson  and  \Val.«chaerts  Valve*  Mo- 
tions;   Theory,    Cakulation    and    Design. 

Wo.  29.  locomotive  Dealgu,  Part  TIL 
— Smokebox;  Exhaust  Pipe;  Fmm««; 
C^ross-heads;  GuSdp  Bars;  Connecting-rc«is* 
Crank-pJna;    Axles;    Driving-wheels. 

Wo.  30.     Xiocomotive  Dealgn,  Part   TV 

Springs,   Trucks?,   Cab  and   Tender. 

Wo»  31.     Screw  Thread  Tools  and  o*(p** 

Wo.  33,  Screw  Thread  Catting'. —  L.tj  r 
Chauge  Coars;  Thread  T«m.1s;   Kmki^. 

Wo«  33,  Syitems  and  Practice  of  tke 
Braftlng--&oom. 

Wo.  34.  Care  and  Repair  of  Bymamo* 
and  Motora. 

Wo.  35.     Tahlea  and  Formnlaa  for  S!ioe 
and  Draftlng'-Boom.— The    Use 
las;    Soluti*>n    of    Triangles;    i^ 
Materials;    Gearing;    Screw    Tlir 
Drills;    Dril!    Sizes;    Tapers;    Keys,    etc 

Wo.  36.  Iron  and  Steel. — Principles  of 
Manufacture  and  Tre.um*  nt. 

Wo.  37.  Bevel  Gearing. — Rules  and 
Formuhis;  Kxamples  of  Calculation; 
Tooth  Outlines;  Strength  and  nurabillij; 
Design;  Methods  of  Cutting  Teeth. 

Wo.  3S.     Out  of  print.      Sp^  No.   &S, 

Wo.  39.  Pana,  Ventilation  and  Beatlatf. 
-^Fans;   Heaters;  Shop  Heatini?. 

Wo.  40.  Ply  Wheel!.— T  heir  P\irpoj 
Calculation  and  Design. 

Wo.  41.  jiflri  and  rixtnrea,  Psart  . 
Principles  of  Design;  Drill  Jig  Buahinj 
Locating   Points;   Clamping  Devices. 
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Automatic  Screw  Machine  Practice  for  the  Brown  &  Sharpe  auto- 
matic screw  machines  is  covered  in  eight  Reference  Books,  Nos.  99  to 
106,  inclusive.  Reference  Book  No.  99,  "Operation  of  the  Brown  A 
Sharpe  Automatic  Screw  Machines,"  deals  with  the  construction  of 
these  machines  and  the  setting-up  of  the  tools.  No.  100,  "Designing  and 
Cutting  Cams  for  Automatic  Screw  Machines,"  gives  detailed  instruction 
on  cam  design,  and  describes  a  simplified  method  for  milling  cams. 
No.  101,  "Circular  Form  and  Cut-off  Tools  for  the  Automatic  Screw 
Machine,"  deals  with  the  general  arrangement  and  the  calculations  of 
these  tools,  and  describes  the  different  methods  employed  in  their 
making.  No.  102,  "External  Cutting  Tools  for  the  Automatic  Screw 
Machine,"  deals  with  the  design  and  construction  of  box-tools,  taper 
turning  tools,  hollow  mills,  and  shaving  tools.  No.  103,  "Internal  Cut- 
ting Tools  for  the  Automatic  Screw  Machine,"  deals  with  centering 
tools,  cross-slide  drilling  attachments,  counterbores,  reamers,  and  re- 
cessing tools.  No.  104,  "Threading  Operations  on  the  Automatic  Screw 
Machine,"  treats  on  cam  design  for  threading  operations,  threading 
dies,  taps  and  tap  drills,  die  and  tap  holders,  and  thread  rolling.  No. 
105,  "Knurling  Operations  on  the  Automatic  Screw  Machine,"  describes 
the  construction  of  knurling  holders,  and  gives  directions  for  the  mak- 
ing of  knurls  and  the  design  of  tools  and  cams  used  in  connection  with 
knurling  operations.  No.  106,  "Milling,  XDross-drilling  and  Burring 
Operations  on  the  Automatic  Screw  Machine,"  describes  screw-slotting 
attachments,  index  drilling  attachments,  and  burring  attachments,  giv- 
ing directions  for  their  use  and  for  the  design  of  oams  for  them. 
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CHAPTER  I 


DBSIGNING  SCREW  MACHINE  CAMS 


The  object  of  the  present  chapter  Is  to  give  the  average  mechanic 
and  draftsman  a  clear  idea  of  the  methods  employed  when  designing 
special  tools  and  cams  for  the  Brown  &  Sharpe  automatic  screw  ma^ 
chine.  The  first  thing  to  be  explained  is  the  change-gear  mechanism, 
as  on  this  are  based  the  fundamental  principles  used  in  the  construc- 
tion of  the  tables  for  laying  out  cams.  Following  this,  the  construction 
of  the  rise  and  drop  on  the  cams,  v/hich  is  governed  by  the  amount  of 
clearance  necessary  for  one  tool  to  pass  another  will  be  treated.    Then 
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PlflT.  1.    DlAffroxn  of  OeaHnff  on  the  No.  GO  Brown  A  Sharpe 
Autom&tlc  Bore'W  Machine 

a  number  of  general  points  which  should  be  of  value  especially  to  those 
who  are  not  experienced  in  this  class  of  work,  are  given. 

Change- g'ear  Mechanism 
A  system  of  simple  gearing  is  used  on  the  No.  00  Brown  &  Sharpe 
automatic  screw  machine,  as  clearly  shown  in  Fig.  1.  The  worm  has  a 
double  thread;  hence  for  every  revolution  of  the  worm,  the  worm-wheel 
travels  through  a  distance  of  two  teeth.  To  find  the  change  gears,  as- 
sume that  it  is  required  to  make  one  piece  in  12  seconds.  This  necessi- 
tates that  the  worm-wheel  make  one  revolution  in  12  seconds.  As  there 
are  40  teeth  in  the  worm-wheel  and  the  worm  has  a  double  thread,  the 
worm  shaft  will  make  40  -^  2  or  20  revolutions  in  12  seconds.     The 
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drivingr  shaft  runs  constantly  at  120  R.  P.  M.  or  2  revolutions  per 
second.  Then  the  driving  shaft  will  make  12  X  2  or  24  revolutions 
In  12  seconds.  As,  in  this  case,  the  driving  shaft  Is  required  to  run  the 
faster,  we  will  put  the  gear  with  the  smaller  number  of  teeth  on  that 
shaft.  Now  if  we  have  gears  having  20  and  24  teeth,  respectively,  they 
will  "do  the  trick,"  but  after  referring  to  the  gears  supplied  with  the 
machine  we  find  that  a  gear  with  24  teeth  is  not  available,  so  multiply- 
ing the  number  of  teeth  in  each  by  two  (which  does  not  change  the 
ratio)  the  gears  will  be:  40-tooth  gear  on  driving  shaft;  4S-tooth  gear 
on  worm  shaft. 

On  the  No.  0  Brown  &  Sharpe  automatic  screw  machine  there  is 
also  one  driving  and  one  driven  gear,  but  on  this  machine  the  gear 


18T  ORMNO  SHAFT  >, 
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DRMNQ  OEAR 
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Fig-.  9.    Diagram  of  Oearing  on  the  No.  O  Brown  A  Shaipe 
Antomatic  Screw  Machine 

which  is  called  the  driver  Is  placed  on  the  second  driving  shaft  as 
shown  in  Fig.  2.  Then,  before  finding  the  change  gears  it  is  necessary 
to  find  the  speed  of  the  gear  on  this  second  driving  shaft.  The  first 
driving  shaft  runs  constantly  at  a  speed  of  180  R.  P.  M.     Then  the 

180  X  58 

speed  of  the  second  driving  shaft  = =  120  R.  P.  M.    To  find 

87 
the  change  gears,  assume  that  it  is  required  to  make  one  piece  in  36 
seconds.  (To  obviate  confusion,  we  will  call  the  second  driving  shaft 
which  runs  at  120  R.  P.  M.,  the  main  driving  shaft).  Since  the  cam 
shaft  is  to  make  one  revolution  in  36  seconds  and  as  there  are 
60  teeth  in  the  worm-wheel  and  the  worm  Jias  a  single  thead.  the 
worm  shaft  will  make  60  revolutions  in  36  seconds.  The  driving  shaft 
which  runs  at  120  R.  P.  M.,  or  two  revolutions  per  second,  will  make 
72  revolutions  in  36  seconds.  From  this  we  see  that  the  driving  shaft 
is  required  to  run  the  faster  of  the  two,  and,  hence,  the  smaller  gear 
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will  be  put  on  this  shaft.    The  gears  to  use  could  have  60  and  72  teeth, 
respectively;  or,  by  dividing  the  number  of  teeth  in  each  by  two,  we 
have  30  and  36  teeth,  respectively. 
The  gears  can  also  be  found  directly  by  the  formula: 
120  X  D  3600 


W  8 

where  D  =  number  of  teeth  In  gear  on  driving  shaft. 
W  =  number  of  teeth  in  gear  on  worm  shaft, 
£f  =  time  in  seconds  to  make  one  piece. 

120  X  D  3600 

Then, = or  120  D  =  100  W;  W=1.2  D. 

W  36 

Let  D  =  30.    Then  W  =  30  X  1.2  =36. 


(1) 


DWVINQ8HArr> 
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Flff.  8. 


Diagram  of  Gtoarlnir  on  the  No.  9  Brown  &  Bharpe 
Automatio  Screw  Machine 


A  system  of  compound  gearing  is  used  on  the  No.  2  Brown  &  Sharpe 
automatic  screw  machine  making  it  necessary  to  find  the  various  gears 
by  factoring.  To  explain  the  method  of  finding  the  gears  we  will 
take  a  practical  example.  Let  it  *be  required  to  find  the  gears  to 
make  one  piece  in  28  seconds.  Referring  to  Fig.  3  we  find  that  the 
speed  of  the  driving  shaft  is  120  R.  P.  M.  There  are  60  teeth  in  the 
worm-wheel  and  the  driving  worm  has  a  single  thread.  Thus  the  cam 
shaft  must  make  one  revolution  in  28  seconds.  The  worm  shaft  will 
make  60  revolutions  in  28  seconds  as  the  worm  has  a  single  thread. 
The  driving  shaft  makes  2  revolutions  per  second  or  56  revolutions  in 
28  seconds.  It  will  thus  be  seen  that  the  worm  shaft  (or  driven  shaft) 
is  required  to  run  the  faster  of  the  two.     Therefore,  the  product  of 
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the  number  of  teeth  in  the  driven  gears  should  be  smaller  than  the 
product  of  the  number  of  teeth  in  the  driving  gears.    The  ratio  of  the 

60 
gearing  equals  — .    By  dividing  the  numerator  and  denominator  into 

56 
factors  and  multiplying  each  pair  of  factors  by  the  same  number  we 
find  the  gears: 

60         10  X  6  (10  X  8)  X  (6  X  6)  80  X  36 


56         4  X  14  (4  X  8)  X  (14  X  6)  32  X  84 

Then  the  gears  are  as  follows: 

80,  gear  on  driving  shatt;  36,  second  gear  on  stud;  32,  first  gear  on 
stud;  84,  gear  on  worm  shaft. 

How  Tables  for  Laying  out  Oams  are  Constructed 

Before  a  table  can  be  constructed  it  is  necessary  to  know  the  range 
of  spindle  speeds  obtainable  and  also  the  speed  of  the  driving  shaft 
Then  the  number  of  seconds  to  make  one  piece  is  placed  in  the  first 
column  of  the  table,  and  the  number  of  revolutions  to  complete  one 
piece  is  placed  under  the  various  spindle  speeds  as  shown  in  Table  I. 
The  total  number  of  revolutions  to  make  one  piece  is  found  by  the 
RX8 

following  formula:  r= ,  where  iJ  =  revolutions  of  spindle  per 

60 
minute  (R.  P.  M.),  ig  =  time  in  seconds  to  make  one  piece,  and  r= 
total  number  of  revolutions  to  make  one  piece.  The  total  number  of 
revolutions  to  complete  one  piece  can  also  be  found  by  adding  together 
the  number  of  revolutions  required  for  each  operation  plus  the  revolu- 
tions required  for  clearance,  feeding  the  stock,  and  revolving  the  tur- 
ret. The  number  of  seconds  to  make  one  piece  is  found  by  the  following 
formula: 

r  X  60 

8  = .  .  (2) 

R 

The  time  required  to  feed  stock  and  revolve  the  turret  on  the  various 
Brown  &  Sharpe  automatic  screw  machines  is  as  follows:  No.  2  ma- 
chine, 1  second;  No.  0  machine,  2/3  seconds;  No.  00  machine,  1/2 
second.  The  revolutions  of  the  spindle  required  to  feed  stock  and 
revolve  the  turret  on  the  various  machines  are  found  by  the  following 
formulas: 

No.  2  machine,  r,=rie-i-60  (3) 

No.  0  machine,  ri  =  l?-f-90  (4) 

No.  00  machine,  r,  =  ieH- 120  (5) 

where  r,  =  revolutions  of  spindle  to  feed  stock  and  revolve  turret, 
ie  =  speed  of  spindle  in  revolutions  per  minute. 
Now,  to  convert  the  revolutions  required   to  feed  stock  into  hun« 
dredths  of  the  cam    surface,   It   is   necessary  to   know   the  time  in 
seconds  required  to  make  one  piece  and  the  speed  of  the  spindle.    For 
example,  let  it  be  required  to  construct  a  table  for  laying  out  cams 
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TABLB  I.    OHANOB  OBABS  AND  DATA  FOB  IaATINQ  OUT  OAKS. 
Mo.  OO  BROWN  A  8BABPB  AX7TOMATIO  80BBW  MACHINB 


The  number 


of  hundredUw  g-iven  is  always  sufficient  for  feeding'  stock,  but  it  is 
usually  best  to  add  l-lOO  for  revolvinir  the  Turret. 


for  the  No.  2  Brown  &  Sharpe  automatic  screw  machine.  For  a 
spindle  speed  of  182  R.  P.  M.,  as  shown  in  Table  III  (assuming  that  it 
takes  10  seconds  to  make  one  piece),  we  find: 


RX8 


182  X  10 


60 


60 


-  =  30.3 


or  approximately  30  revolutions.     We  now  put  30  revolutions  in  the 
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TABLM  II.    OHANOa  OBABS  AND  DATA  FOB  ULTIKO  OUT  CAMS. 
No.  O  BROWN  A  BHARPB  AUTOMATIC  BCB^W  MACHINB 


columii  under  182  as  shown,  and  proceed  to  find  the  reyolutions  to 
feed  stock,  which  according  to  Formula  (3)  equals: 

/e  -J-  60  =  182  -!-  60  =  3.03    revolutions. 
Now,  to  find  the  hundredths  of  the  cam  surface  to  feed  stock,  divide 
the  revolutions  to  feed  stock  hy  the  total  revolutionjs  of  the  spindle 
required   to  make  one  piece.     In  this  case  we  find  that  it  requires 
3.03 

=  0.099  or  approximately  10  hundredths.     It  is  always  advisable 

30.3 
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TABLB  m.    CHANOB  QBARS  AND  DATA  FOR  IiAYIKG  OUT  OAICS. 
Mo.  a  BROWN  «i  SHARPB  AUTOMATIC  8CRBW  MAOHINB 
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lo^jjr^^'j  ift<^! 

»5J 

^5^ 

3IM 

3^4^ 

4734  1  SI  ^^J 

7* 

- 

fttTI 

J4 

7^ 

24 

9^' 

3 

3 

a4Gi- 

17741 157  si  n>vr 

»i3 

3737 
^7 

33 

74 1 

4,6a 

S1I9I 

632s 

7^-1 

-^ 

_J5. 
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to  add  one  hundredth  for  revolving  the  turret  so  that  it  will  be  securely 
locked  in  position  before  the  tools  advance  on  the  work;  then  in  this 
case  it  will  require  11  hundredths  to  revolve  the  turret.  Owing  to 
the  diameter  of  the  cam  roll  there  should  never  be  less  than  three 
hundredths  allowed  for  revolving  the  turret,  irrespective  of  the  speed 
at  which  the  cam  shaft  is  running. 

Tables  I  to  III  give  the  change  gears  and  data  for  laying  out  cams 
for  the  Nos.  00,  0  and  2  automatic  screw  machines.    When  the-&peed  at 
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No.  loo—SCREW  MACHINE  PRACTICE 


TABLB  IV.    CHANGB  OBABS  AND  DATA  FOR  LATINO  OUT  CAMS. 
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which  the  spindle  is  to  be  run  for  any  certain  job,  and  the  number  of 
revolutions  required  to  complete  one  piece,  are  known,  the  gears, 
product  in  ten  hours  and  the  time  in  seconds  to  make  one  piece  as  well 
as  the  number  of  hundredths  of  the  cam  surface  required  to  feed  the  stock 
and  revolve  the  turret,  are  found  In  the  left-hand  columns  of  the  table, 
the  total  revolutions  required  to  make  one  piece  being  given  in  the. 
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right-hand  columns.  Tables  IV  to  VI  give  the  change  gears  and  data 
for  laying  out  cams  for  the  Nos.  00,  0  and  2  turret  forming  and  cutting- 
ofT  machines.  The  same  remarks  apply  to  these  as  to  the  preceding 
tables. 

The  principal  dimensions  for  the  plate  cams  and  the  radii  of  the 
cross-slide  and  lead  levers  on  the  Nos.  00,  0  and  2  automatic  screw 
machines,  are  given  in  Table  VII.  For  notation  see  the  illustration 
accompanying  the  table. 
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TABLB  VI.    CHANOB  OHAR8  AND  DATA  FOR  LATINO  OUT  OAMB. 
No.  2  TURRBT  FOBMINO  AND  OUTTINO-OFF  BCAOHINB 
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Constructlngr  the  Rise  on  Cams 

The  rise  on  the  cam  should  be  such  that  the  tools  will  gradually 
slow  up  as  they  approach  the  work.  It  is  not  necessary  to  lay  out  a 
uniform  curve  for  the  rise,  as  in  most  cases  the  cam  rotates  slowly, 
but  when  the  cam  is  required  to  make  one  revolution  in  less  than  5 
seconds  on  the  No.  0  or  No.  2  screw  machine,  a  curve  for  a  more  uni- 
form speed  should  be  constructed. 
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TABLB  Vn.  DIMBNBIONS  OF  OAM8  AND  CAM  LBVBBS 


"A  ! 


^OROM-SUK  LEVER  PUtOmiM 


~~-^. 


Machtntry 


No.  of 
Machine 

w               1 

Principal 

Lend 

0 
Cross-slide ' 

! _' 

Dimensions  in  Inchej 


Cross-slide 


A 
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C 
D 
E 
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H 
I 
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2i 
1| 
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2i 
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II 

II 

2f 

3i 
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3i 
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1 
,'. 

4* 


8 
U 

u 
1 

Iff 

U 


Generally  the  rise  can  be  abrupt  for  about  three-quarters  of  the  way. 
and  then  gradually  slow  down  as  the  tool  approaches  the  work.  A 
good  method  of  laying  out  a  curve  of  this  form  is  shown  in  Fig.  4. 
The  reason  for  making  a  curve  of  this  form  is  that  less  time  is 
necessary  for  one  tool  to  clear  another,  which  sometimes  makes  quite 
a  considerable  difference  in  the  time  required  to  produce  one  piece 
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To  confltruct  the  rise,  proceed  as  follows:  Lay  off  on  line  H  a  distance 
D  from  the  point  a.  Distance  D  varies  with  the  clearance  necessary 
between  the  turret  and  cross-slide  tools.  Then  draw  line  BC  at  right 
angles  to  H.  With  a  as  a  center,  and  a  radius  R  describe  an  arc  inter- 
secting Wne  BC  at  point  6;  again  with  /?  as  a  radius,  and  a  center  at 
h,  deeoribe  the  rise.     Join  the  rise  and  the  small  diameter  dwell  of 

TABUI  Vni.    DIlCaNSIOMS  POR  LATINO  OUT  0AM  RX8B  FOR  No.  GO 
BROWN  A  8HARPB  AUTOMATIC  80BBW  MAOHINB 


Number  of  Seconds  to  make  one  Piece 

Lead 

Front  and 
Back  Cams 

D 

R 

From   8  to    5  seconds 

1 

From  6  to  12  seconds 

From  18  to  80  seconds 

the  cam  with  a  circle  having  a  diameter  equal  to  the  diameter  of  the 
roll.  The  distance  r  should  then  be  measured  off  and  recorded  on  the 
drawing  to  be  used  by  the  toolmaker  when  laying  out  the  cams.  The 
various  values  for  the  dimensions  given  in  Fig.  4  for  the  rise,  that 
have  been  found  suitable,  are  specified  in  Tables  VIII,  IX  and  X. 

Constructing'  Drop  on  Cams 

The  drop  on  the  cams  should'  be  such  that  the  cross-slides  will  drop 
back  without  shock.    The  turret  slide  drops  back  on  a  cushion  spring. 


TABI«B  IX.    DIMBN8IONB  FOR  LATINO  OUT  CAM  RI8B  FOR  No.  O 
BROWN  A  8HARPB  AUTOMATIC  80RBW  MAOHINB 


Number  of  Seconds  to  make 
one  Piece 

Lead               ' 

Front  and  Back 
Cams 

n 

R        1         D 

1 

« 

From   6  to  12  seconds 

From  18  to  80  seconds 

From  82  to  60  seconds 

|! 

81      1 

i  1  r 

thus  allowing  the  drop  on  the  lead  cam  to  be  more  abrupt  on  the  No.  0 
and  No.  2  screw  machines,  than  it  is  on  the  front  and  rear  camfl. 
This  is  also  true  of  the  No.  00  machine,  but  as  the  drop  is  not  great, 
very  little  time  would  be  saved  by  using  a  smaller  angle  of  drop  for 
the  lead,  than  for  the  cross-slide  cams.  Referring  to  Fig.  4,  it  can  be 
seen  that  the  lever  arm  swings  about  a  pivot,  so  that  to  have  a 
uniform  drop,  a  special  curve  should  be  constructed.  But,  as  this 
drop  would  be  more  difficult  to  make  than  a  straight  drop,  a  straight 
or  angular  drop  is  adopted.  This  gives  the  drop  of  the  arm  a  variable 
motion,  as  can  be  seen  by  referring  to  Fig.  4;  the  roll  will  (drop  quickly 
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to  about  the  point  e,  then  slow  up  and  then  increase  in  speed  as  it 
approaches  the  bottom.  The  cross-slides  are  forced  back  by  a  spring 
which  serves  to  keep  the  roll  in  contact  with  the  cam.    The  drop  on 

TABI«B  X.    DUCBNBIONS  for  latino  out  cam  bibb  fob  No.  fi 
BBOWN  A  8HABPB  AUTOMATIC  80BBW  IfAOHDiB 


Number  of  Seconds  to  make 
one  Piece                 / 

Lead 

Front  and  Back 
Cams 

D 

R 

D 

R 

From     6  to   14  seconds. . 
From   16  to   40  seconds. . 
From   46  to   90  seconds. . 
From  100  to  180  seconds. 

It 

8i 

14 

■1 

i 

the  cafn  should  not  be  laid  off  from  a  circle  as  shown  by  the  dotted 
lines  at  c.  This  would  mean  that  the  roll  would  drop  slower  when 
drc^ping  a  short  distance  than  when  dropping  a  greater  distance.  The 
drop  should  be  laid  off  from  the  hundredth  line  where  the  operation 


CENTER  OF  LEVER 
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Fiff.  4.    Method  of  Laying  oat  Blee  and  Fall  on  Cams 

finishes  as  shown  by  the  angle  A.  This  assures  the  drop  always  being 
of  the  same  speed,  irrespective  of  the  distance  through  which  it  has  to 
drop.  The  following  anglea  of  drop  have  been  found  suitable  for  the 
given  number  of  seconds  required  to  make  one  piece. 
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DROP  ON  GAMS  POR  No.  GO  BROWN  A  8HARPB  AUTOMATIC 
SORBW  MAOHINB 

Number  of  Seconds  to  make 

One  Piece  Lead.  Front  and  Back 

From     3  to    5  seconds  A  =  20  degrees 

From    6  to  12  seconds  A  =  15  degrees 

From  13  to  30  seconds  A  =  10  degrees 

DROP  ON  CAMS  POR  No.  O  BROWN  A  SHARPS  AUTOMATIC 
SORBW  MAOHINB 

Number  of  Seconds  to  make 

One  Piece  Lead  Front  and  Back 

From     6  to  12  seconds  A  =  17  degrees  16  degrees 

From  13  to  30  seconds  A  =  14  degrees  13  degrees 

From  32  to  60  seconds  A  =  10  degrees  9  degrees 

DROP  ON  CAMS  FOR  No.  2  BROWN  A  8HARPB  AUTOMATIC 
SORBW  MAOHINB 

Number  of  Seconds  to  make 

One  Piece  Lead  Front  and  Back 

From     6  to  14  seconds  A  =  16  degrees  22  degrees 

From  15  to  40  seconds  A  =  14  degrees  19  degrees 

From  45  to  90  seconds  A  =  12  degrees  16  degrees 

From  90  to  180  seconds  A  =  10  degrees  13  degrees 

Clearance  for  Tools 

In  laying  out  a  set  of  cams  it  is  sometimes  found  necessary  to  make 
allowance  for  one  tool  to  clear  another,  the  amount  of  clearance  neces- 
sary being  determined  by  the  diameter  or  width  of  tool  used  in  the  tur- 
ret and  the  position  of  the  cross-slide  tools  relative  to  the  work.  When 
determining  the  amount  of  clearance  necessary,  the  rise  and  drop  on  the 
lead  cam  is  disregarded  and  the  rises  and  drops  on  the  front  and  rear 
cams  are  taken  into  consideration.  To  determine  the  rise  and  drop  to 
use,  make  a  rough  lay-out  of  the  various  operations  to  be  performed  and 
also  settle  upon  the  approximate  number  of  revolutions  to  complete 
one  piece.  The  revolutions  are  then  converted  into  seconds  as  was 
previously  explained.  To  explain  clearly  the  method  used,  we  will  take 
a  practical  example.  Assume  that  it  is  required  to  make  a  brass  screw 
as  shown  in  Fig.  5.  This  screw  is  made  from  14-inch  round  brass 
rod.  and  can  be  made  to  advantage  on  the  No.  00  Brown  &  Sharpe  au- 
tomatic screw  machine,  using  a  spindle  speed  of  2400  R.  P.  M.  backward 
and  forward.  Assume  that  it  is  required  to  find  the  amount  of  .clear- 
ance necessary  for  the  die  holder  to  pass  the  circular  form  and  cut-oft 
tools.  Draw  in  the  form  tool  in  position  on  the  screw  as  shown  to 
the  left  in  Fig.  5,  and  also  an  outline  of  the  toolpost.  Then  lay  out 
the  die  holder  in  position  to  start  on  the  screw,  as  shown  by  the  dotted 
lines.  If  a  releasing  die  holder  is  used,  take  the  diameter  over  the 
heads  of  the  screws  in  the  holder,  but  if  a  "draw-out"  type  is  used,  the 
diameter  of  the  cap  is  taken.  In  this  case,  as  the  screw  is  threaded 
up  to  the  shoulder,  a  releasing  die  holder  will  be  used.  In  Fig.  5  it 
can  be  seen  that  the  die  holder  cannot  advance  on  the  screw  until  the 
form  tool  drops  back  a  distance  B,  but  as  B  is  the  actual  distance, 
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it  will  be  necessary  to  add  an  extra  amount  to  insure  that  the  die 

holder  can  advance  without  coming  in  contact  with  the  circular  form 

tool.     The  extra  amount  of  clearance  necessary  varies  with  the  type 

of  tool  used.    The  following  dimensions  give  the  approximate  amounts 

that  should  be  added   to  tne  actual  clearance  for  the  type  of  tools 

specified: 

Extra  Amount  of 
Type  of  Tool  Clearance 

Drill  holders  from  1/8     to  3/16  inch 

Box-tools   (with  V-supports) from  1/8     to  1/4  inch 

Box-tools    (with  supporting  bushing) from  3/16  to  5/16  inch 

Button  die  holders  (draw-out  type) from  3/16  to  5/16  inch 

Button  die  holders  (releasing  type) from  1/4    to  1/2  inch 

To  find  the  amount  necessary  for  clearance,  make  a  diagram  as 
shown  in  Fig.  6,  laying  out  the  drop  on  the  front  cam  as  shown.  Then 
add,  say,  %  inch,  to  dimension  B  and  measure  down  from  the  point 
where  the  lobe  finishes,  scribing  an  arc  of  a  circle  through  the  point 
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Flff.  0.    DUffram  Ulnstratlnff  Method  of  Plndlns*  Olearanoe  for  Die  Holder 

thus  located,  as  shown.  Then  with  a  radius  equal  to  the  radius  of  the 
cam  roll,  describe  a  circle  touching  the  arc  drawn  and  the  drop  on 
the  cam.  Join  the  center  of  the  roll  with  the  center  of  the  cam  circle 
by  a  straight  line.  The  clearance  is  then  measured  off  in  hundredths 
as  shown  by  dimension  H.  The  starting  point  of  the  lobe  on  the  lead 
cam  for  threading  will  be  at  the  hundredth  line  D  and  the  intervening 
space  between  the  lines  D  and  E  will  be  the  amount  necessary  for 
clearance. 

When  the  cutting-of(  operation  follows  the  threading  operation  it 
will  also  be  necessary  to  allow  for  clearance.  To  find  the  amount  of 
clearance  necessary  for  the  die  holder  to  clear  the  circular  cut-off  tool, 
proceed  as  follows:  Make  a  lay-out  as  shown  to  the  right  in  Fig.  5 
and  measure  off  the  distance  C.  Add  %  inch  to  this  and  lay  off  this 
dimension  from  the  starting  point  A  of  the  rear  cam  as  shown  in  Fig. 
6,  drawing  an  arc  of  a  circle  as  before.  Then  draw  a  circle  the  diameter 
of  which  is  equal  to  the  diameter  of  the  roll,  touching  the  arc  drawn 
and  the  rise  on  the  cam,  and  measure  off  the  clearance  H  as  was 
previously  explained.    The  thread  lobe  would  finish  at  the  hundredth 
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line  F  and  the  cut-off  tool  start  at  the  line  A.  Clearance  should  also  be 
allowed  between  the  dropping  back  of  the  cut-off  tool  and  the  feeding 
of  the  stock.  To  find  the  amount  of  clearance  necessary  add  %  inch 
to  the  largest  radius  of  the  stock  used  and  proceed  as  previously  ex- 
plained. 

To  make  this  explanation  more  complete,  the  various  steps  followed 
when  designing  a  set  of  cams  will  be  given. 

Designing  and  Laying  out  Cams 
When  designing  a  set  of  cams  the  speed  of  the  spindle  best  suited  for 
the  size  of  stock  and  nature  of  material  should  first  be  decided  upon. 


Flgr*  O.    Method  of  Determlnlnfi-  Olearance  on  Oroas-sllde  Oama 

The  tables  for  surface  speeds  given  in  Machinery's  Reference  Book 
No.  99,  "Automatic  Screw  Machine  Practice — Operation  of  the  Brown 
&  Sharpe  Automatic  Screw  Machine,"  will  be  found  convenient  for  this 
purpose.  The  quickest  and  best  method  of  making  the  piece  should 
next  be  considered,  and  a  diagram  made  of  the  tools  to  be  used  in  the 
turret  as  shown  at  A,  Pig.  7,  leaving  from  1/8  to  3/16  inch  clearance 
between  the  rear  face  of  the  tool-holder  and  the  face  of  the  turret 
This  amount,  of  course,  varies  to  a  considerable  extent,  depending 
on  the  length  of  the  shank  and  body  of  the  tool,  and  also  on  the  dis- 
tance that  the  work  projects  from  the  chuck.  When  the  shank  of  the 
tool  is  short,  care  should  be  taken  to  see  that  the  clamping  devices 
in  the  turret  have  a  good  grip  on  the  shank  of  the  tool.    The  diagram 
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of  the  circular  tools  applied  to  the  work  should  also  be  made  aa  shown 
at  B,  Fig.  7.  The  feeds  for  the  various  operations  are  then  decided  upon 
and  divided  into  the  length  of  cut  which  will  give  the  number  of  revo- 
lutions required  for  the  various  operations.  The  total  number  of 
revolutions  to  complete  one  piece  is  found  by  adding  together  the  num- 
ber of  revolutions  for  each  cut,  for  revolving  the  turret,  feeding  the 
stock  and,  in  some  cases,  reversing  the  spindle;  an  approximate  num- 
ber of  revolutions  should  also  be  added  for  clearance.  When  the  ap- 
proximate number  of  seconds  to  complete  one  piece  has  been  obtained 
we  make  a  diagram  of  the  rise  and  )clrop  on  the  cam  as  shown  in 
Fig.  6.  To  ascertain  the  exact  number  of  revolutions  required  for 
clearance,  if  the  approximate  number  of  revolutions  as  allowed  for 
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Flff.  7.    Position  of  Tools  In  Turret,  and  Porminff  Tools  applied  to  Work 

clearance  is  not  sufficient,  the  feed  on  some  of  the  tools  is  increased, 
but  if  the  maximum  feed  that  the  tools  will  stand  has  been  used,  the 
number  of  seconds  to  make  one  piece  has  to  be  increased.  When  the 
actual  number  of  seconds  has  been  obtained,  we  then  convert  the 
revolutions  for  each  operation  into  hundredths  of  cam  circumference, 
and  proportion  the  different  lobes  on  the  cam  to  the  number  of  revolu- 
tions for  each  operation.  To  explain  the  method  adopted  in  laying  out 
the  cams,  we  will  take  a  practical  example. 

Assume  that  it  is  required  to  make  a  screw  as  shown  at  B,  Fig.  7. 
We  first  make  the  diagrams  of  the  circular  tools  and  the  tools  used 
in  the  turret  as  shown.  Then  to  find  the  amount  that  the  lead  cam  is 
to  be  cut  down  below  the  outer  cam  circle,  measure  the  distance  that 
the  tools  project  out  of  the  turret  and  add  this  amount  to  the  distance 
that  the  piece  projects  from  the  face  of  the  chuck.  Then  the  least  dis- 
tance between  the  turret  and  the  face  of  the  chuck  subtracted  from  this 
amount  would  give  the  distance  down  from  the  outer  circle  to  where 
the  lobe  on  the  cam  starts.  For  example,  take  the  lobe  for  the  hollow 
mill. 
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1  9/16  +  7/8  =  2  7/16  inch. 

2  7/16  inch  —  1  3/4  inch  =  11/16  inch. 

In  Fig.  8  is  given  a  method  of  laying  out  the  cams  for  the  screw 
shown  in  Fig.  7.  This  method  is  commendable,  as  it  can  be  seen 
whether  the  tools  will  clear  one  another  better  than  if  the  cams  were 
drawn  separately  instead  of  one  on  top  of  the  other.  If  the  foregoing 
suggestions  are  followed,  very  little  trouble  will  be  encountered  in  de- 
signing a  set  of  cams.  The  example  as  given  is  for  making  screws,  but 
the  same  method  can  be  followed  in  making  any  other  class  of  work. 
After  the  rams  have  been  designed,  a  tracing  should  be  made  and  kept 


Fig.  8.    Oommgndable  Method  of  Laying-  out  OmxoB 

for  reference.     ( See  Fig.  40,  Part  I  of  this  treatise.  Machinery's  Ref- 
erence Book  No.  99.) 

Practical  Points  in  Desigrnlng  Cams  and  Special  Tools 

1.  Use  the  highest  spindle  speeds  that  the  various  tools  will  stand. 

2.  Use  the  arrangement  of  circular  tools  best  suited  for  the  class  of 
work.    (See  Reference  Book  No.  101.) 

3.  Decide  on  the  quickest  and  best  method  of  arranging  the  opera- 
tions before  designing  the  cams. 

4.  Do  not  use  turret  tools  for  forming  when  the  cross-slide  tools  can 
be  used  to  better  advantage. 

5.  Do  not  use  a  circular  cut-off  tool  without  top  rake  when  cutting 
Norway  iron,  machine  steel,  etc. 
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6.  'Make  the  shoulder  on  the  circular  cut-off  tool  large  enough  so 
that  the  clamping  screw  will  grip  firmly. 

7.  When  chips  clinging  to  the  work  are  objectionable,  the  circular 
form  tool  should  be  turned  up-side-down  and  placed  on  the  rear  cross- 
slide. 

8.  Do  not  use  too  narrow  a  cut-off  blade. 

9.  Allow  0.005  to  0.010  inch  for  the  circular  tools  to  approach  the 
work  and  0.003  to  0.005  inch  for  the  cut-off  tool  to  pass  the  center. 

10.  When  cutting  off  work  large  In  diameter,  the  feed  on  the  cut-off 
tool  should  be  increased  until  near  the  end  of  the  cut  where  the  piece 
breaks  off.  After  it  breaks  off,  the  feed  should  again  be  increased  until 
the  tool  has  passed  the  center. 

11.  When  a  thread  is  cut  up  to  a  shoulder,  the  piece  should  be 
grooved  or  necked  to  make  allowance  for  the  lead  on  the  die.  This  re- 
quires an  extra  projection  on  the  form  tool  and  also  an  extra  amount 
of  rise  on  the  cam. 

12.  Use  circular  form  and  cut-off  tools  made  from  high-speed  steel 
when  cutting  Norway  iron,  machine  steel,  etc. 

13.  Use  a  fine  feed  and  high  spindle  speed  for  all  cutting  tools. 

14.  Allow  sufficient  clearance  for  tools  to  pass  -one  another. 

15.  Always  make  a  diagram  of  the  cross-slide  tools  in  position  on 
the  work  when  difficult  operations  are  to  be  performed;  it  is  also  neces- 
sary to  make  a  diagram  of  the  tools  held  in  the  turret. 

16.  Do  not  drill  a  hole  the  depth  of  which  is  more  than  2^^  times 
Aie  diameter  of  the  drill,  but  use  two  or  more  drills  as  required.  If 
there  are  not  sufficient  holes  in  the  turret,  drop  the  drill  back  clear  of 
the  hole,  and  advance  it  into  the  hole  again. 

17.  Do  not  run  a  drill  at  a  slow  speed. 

18.  When  the  turret  tools  operate  further  in  than  the  face  of  the 
chuck,  see  that  tney  will  clear  the  chute  when  reyolving  the  turret. 

19.  See  that  the  body  of  all  turret  tools  will  clear  the  side  of  the 
chute  when  revolving  the  turret. 

20.  Do  not  use  a  box-tool  for  a  roughing  cut.    Use  a  hollow  mill. 

21.  Do  not  use  a  box-tool  with  soft  supports.  Use  solid  supports 
only  on  cold-drawn  or  finished  stock. 

22.  The  rise  on  the  thread  lobe  should  be  reduced  so  that  the  spin- 
dle will  reverse  when  the  die  or  tap  holder  is  drawn  out. 

23.  When  threading  Norway  iron,  machine  steel,  etc.,  if  the  spin- 
dle speed  used  for  the  other  tools  is  too  high  for  threading,  use  a  spe- 
cial threading  attachment     (See  Machinery's  Reference  Book  No.  104.) 

24.  When  bringing  another  tool  into  position  after  a  threading  op- 
eration, allow  clearance  before  revolving  the  turret. 

25.  Make  provision  to  revolve  the  tufret  rapidly,  especially  when 
pieces  are  being  made  in  from  three  to  five  seconds  and  when  only  a 
few  tools  are  used  in  the  turret.  It  is  sometimes  convenient  to  use 
two  sets  of  tools. 

26.  When  using  a  belt-shifting  attachment  for  threading,  clearance 
should  be  allowed,  as  it  requires  extra  time  to  shift  the  belt. 
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27.  When  laying  out  a  set  of  cams  for  operating  on  a  piece'  which 
requires  to  be  slotted,  cross-drilled  or  burred,  allowance  should  be  made 
on  the  lead  cam  so  that  the  transferring  arm  can  descend  and  ascend 
to  and  from  the  work  without  coming  in  contact  with  any  of  the  turret 
tools. 

28.  Always  allow  a  vacant  hole  in  the  turret  when  it  is  necessary  to 
use  the  transferring  arm. 

29.  Use  standard  tools  whenever  possible. 

30.  When  designing  special  tools  allow  as  much  clearance  as  pos- 
sibfe.  Do  not  make  them  so  that  they  will  Just  clear,  as  errors  some- 
times turn  up,  causing  trouble. 

31.  When  designing  special  tools  having  intricate  move^]ents,  avoid 
springs  as  much  as  possible,  and  use  positive  actions. 


CHAPTER  II 


CAMS  FOR  SORBW-SLOTTING  ATTACHMENTS 

The  Brown  k  Sharpe  Mfg.  Co.,  Providence,  R.  I.,  has  designed  a  num- 
ber of  standard  and  special  attachments  for  its  automatic  screw  ma- 
chines. These  attachments  are  used  for  performing  various  second 
operations  on  a  piece  of  work,  such  as  slotting,  milling,  cross-drilling 
and  burring,  at  the  same  time  that  another  piece  is  being  operated  on 
by  the  croes-slide  and  turret  tools.  Thus  extra  operations  are  performed 
without  taking  additional  time. 

While  the  attachments — as  such — are  widely  known,  the  methods  of 
laying  out  the  cami|  for  operating  them  are  no  doubt  unfamiliar  to  a 
large  number  of  operators  and  mechanics  in  general,  and,  therefore,  a 
description  of  the  methods  of  laying  out  the  cams  for  one  of  these 
attachments  should  be  of  general  interest.  The  best  known  attachment 
designed  by  the  Brown  &  Sharpe  Mfg.  Co.  is  its  screw-slotting  attach- 
ment, which  is  shown  in  Pig.  9.  ^ 

Screw- slotting'  Attachment  for  the  No.  OO  Machine 
The  screw-slotting  attachment  is  fastened  to  a  boss,  provided  for  this 
purpose  on  the  machine,  by  two  cap-screws.  An  apron,  which  is  also 
an  additional  part,  carries  the  arbor  C  to  which  the  transferring  arm  F 
is  attached.  The  transferring  and  advancing  cam  levers  D  and  E  are 
also  fastened  to  bosses  on  this  apron  by  cap-screws.  These  levers  are 
operated  by  the  advancing  and  transferring  cams  J  and  K.  A  block  H 
is  fastened  to  the  arm  F,  and  a  slotting  bushing  or  carrier  for  the 
screw  is  driven  into  it  This  bushing  grips  the  screw  and  holds  it 
while  the  slotting  saw,  held  on  an  arbor  and  driven  by  a  pulley  through 
bevel  gears,  mills  the  slot  in  the  head. 

The  design  and  action  of  the  device  is,  in  detail,  as  follows:  The 
transferring  lever  D  is  kept  in  contact  with  the  cam  by  means  of  two 
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springs  L  and  M.  The  advancing  lever  E  is  kept  in  contact  with  the 
advancing  cam  by  the  spring  A",  located  on  the  transfer  ring-arm  rod  C. 
This  open-wound  spring  presses  against  the  boss  0  on  the  attachment 
and  the  washer  P,  this  latter  being  held  up  against  a  ball  retainer  Q 
which,  in  turn,  is  forced  against  a  washer  held  to  the  arbor  C  by  a 
cone-pointed  screw.  The  lever  E  does  not  bear  directly  against  the 
thrust-washer  R  to  advance  the  arm,  but  holds  a  set-screw  fif  which  can 
be  adjusted  in  and  out  and  locked  with  a  headless  screw.  This  screw 
K,  in  conjunction  with  the  screw  fifj.  is  used  for  varying  the  depth  of 
the  slot  in  the  head  of  the  screw. 
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PliT.  lO.    Torret  uid  Oroas-«Ude  Cams  for  lf>lrtng  a  Steel  8ar«w 

The  transferring  lever  D  is  connected  to  a  block  D^,  which  is  fastened 
to  the  rod  C  by  a  screw  Cj.  This  block  connects  arm  F  with  lever  D, 
The  arms  of  lever  D  and  the  arm  F  are  so  proportioned  that  a  small 
rise  of  about  1%  inch  on  the  cam  in  this  case  is  sufficient  to  carry  the 
slotting  bushing  from  the  chuck  up  to  the  saw  through  tne  path  indi- 
cated in  the  engraving.  When  arm  F  drops  down  into  a  position  in 
front  of  the  chuck,  it  is  stopped  at  the  desired  point  by  a  set-screw  E^ 
which  rests  on  a  block  F„  attached  to  the  machine.  When  the  arm 
moves  up  into  a  position  in  front  of  the  saw,  it  is  stopped  by  a  set- 
screw  G„  which  bears  against  a  block  £r„  fastened  to  the  attachment 
The  set-screws  O,  and  £7,  are  used  for  setting  the  slotting  bushing  accu- 
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rately.  Tbe  slotting  bushing  is  shown  at  J,  in  position  in  block  H.  The 
shank  of  this  bushing  is  tapered  one-half  inch  to  the  foot  and  is  driven 
Into  the  block.  Block  H  is  held  to  the  arm  by  a  cap-screw  J,.  When 
the  slot  in  the  screw  has  been  cut  and  arm  F  drops  back,  the  screw  is 
removed  from  the  bushing,  which  has  a  slot  cut  in  It,  by  the  ejector  Kx, 
which  is  simply  a  piece  of  sheet  steel  fastened  to  the  attachment. 

LayinfiT  out  a  Set  of  Cams  for  a  Screw- slottinflr  Operation 

Undoubtedly  the  method  of  setting  and  operating  this  screw-slotting 
attachment  can  best  be  described  by  taking  a  practical  example.  Sup- 
pose it  is  necessary  to  make  the  shouldered  steel  screw  shown  at  A  in 
Fig.  10  on  a  No.  00  Brown  &  Sharpe  automatic  screw  machine.    To  pro- 
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Flff.  11.    Dlaffnuzi  used  in  determlnlnsr  the  Rlaes  on  the  Tnuosferrlnff 
and  Advanoinff  Cams 

ceed:  First  design  the  ci-oss-slide  and  turret  cams,  making  allowance  for 
one  empty  hole  in  the  turret,  thus  enabling  the  transferring  arm  to  drop 
down  and  pick  up  the  screw  while  it  is  being  cut  off.  It  will  not  be 
necessary  to  describe  the  method  of  laying  out  the  turret  and  cross- 
slide  cams,  as  this  has  been  described  in  the  previous  chapter,  so  we 
will  confine  our  attention  to  the  calculations  necessary  in  laying  out 
the  transferring  and  advancing  cams  for  removing  and  slotting  the 
screw. 

Before  proceeding  with  the  laying  out  of  these  cams,  it  is  necessary 
to  make  a  diagram  such  as  is  shown  in  Fig.  11.  Here  a  diagrammatical 
view  of  the  necessary  movement  of  the  transferring  and  advancing 
levers  is  shown.  To  the  right  of  the  illustration  is  a  diagram  of  the 
movement  of  the  transferring  arm  and  lever.  For  the  slotting  attach- 
ment, the  transferring  arm  does  not  have  to  dwell  at  any  intermediate 
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point  between  the  chuck  and  the  slotting  saw,  so  that  no  calculation 
is  necessary  to  find  the  rise  on  the  cam — ^the  full  rise  or  1%  inch  being 
sufficient  to  lift  the  slotting  bushing  from  the  chuck  to  the  slotting  saw. 
To  the  left  of  the  illustration  is  a  diagram  in  which  is  indicated  the 
least  and  greatest  possible  distances  between  the  face  of  the  turret  and 
the  chuck,  and  also  the  position  of  the  screw-slotting  arbor  relative  to 
the  chuck.  Below  this,  the  transferring  arm  is  shown  in  position  on 
the  screw.  Here  it  can  be  seen  that  the  lobes  for  placing  the  bushing 
on  the  work  and  advancing  it  to  the  saw  will  be  of  the  same  height, 
as  the  distance  3/32  inch  is  considerably  less  than  the  adjustment  pro- 
vided for  the  screw-slotting  attachment;  this  adjustment  is  equal  to 
5/16  inch  on  each  side  of  the  center  line. 

When  the  rises  or  the  heights  of  the  various  lobes  on  the  cams  have 
been  determined^  the  next  problem  is  to  determine  their  relative  posi- 
tions, or,  in  other  words,  the  starting  and  finishing,  points  of  the  lobes 
on  the  transferring  and  advancing  cams,  respectively. 

Liaying  out  the  Transferring  and  Advancing  Cams 

The  location  hole  B  in  the  cam  shown  in  Fig.  10  is  not  used  in  the 
transferring  and  advancing  cams,  so  that  these  cams,  when  made,  can 
be  shifted  around  to  the  desired  position.  However,  it  is  best  to  start 
from  some  predetermined  point  when  laying  out  the  cams.  The  least 
confusion  will  result  if  the  point  at  which  the  piece  breaks  off  is  used 
for  the  point  at  which  the  bushing  is  located  on  the  work.  This  point, 
of  course,  cannot  be  determined  exactly,  but  it  is  easy  to  locate  it 
approximately. 

The  method  of  determining  this  is  as  follows:  Taking  the  screw 
shown  at  A,  in  Fig.  10,  as  an  example,  we  will  assume  that  it  will  break 
off  when  the  teat  is  0.010  inch  in  diameter.  (This  screw  is  made  in 
9  seconds  and  requires  360  revolutions  of  the  work  spindle,  which  in 
this  case  is  rotated  at  2400  R.  P.  M.)  Then  assuming  that  the  length 
of  the  bevel  on  the  cut-off  tool,  or  distance  C,  Fig.  3,  equals  0.010 
inch,  and  that  the  amount  to  pass  the  center  of  the  work  equals  0.005 
inch,  we  find  that  the  distance  the  point  of  the  cut-off  tool  will  have  to 
travel  after  the  piece  breaks  off  equals  0.010  +  0.005  +  0.005  =  0.020 
inch.  To  find  the  hundredth  line  on  the  cam  circle  where  the  screw 
is  supposed  to  break  off,  divide  the  travel  (in  inches)  of  the  cut-off  tool, 
Rtill  to  be  completed  after  the  piece  is  cut-off,  by  the  feed  of  the  cut-ofC 
tool  per  revolution  of  the  work.     (See  cut-oft  cam,  Fig.  10.)     Thus, 

0.020 

=  12.05  revolutions. 

0.00166 

In  other  words,  it  requires  12  revolutions  of  the  spindle  after  the 
piece  is  cut  off  before  the  cut-off  tool  reaches  the  end  of  its  travel.    The 
hundredths  of  cam  surface  equivalent  to  12  revolutions  of  the  spindle 
12  X  100 

are =  3%  hundredths,  approximately.    Therefore  we  assume 

360 
that  the  screw  will  break  off  when  the  center  of  the  cross-slide  roll  is 
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at  941^  hundredths.  As  this  is  where  the  screw  will  break  off,  it  is 
necessary  to  have  the  bushing  on  the  work  a  moment  previous  to  this. 
In  this  case  we  will  allow  1/2  hundredth,  but  it  is  usually  best  to  allow 
one  hundredth  of  the  cam  surface  to  give  the  arm  time  to  steady  itself 
after  forcing  the  bushing  onto  the  work. 

Having  determined  the  point  where  the  slotting  bushing  should  be 
located  on  the  work  we  can  proceed  to  lay  out  the  transferring  and 
advancing  cams.  The  method  of  laying  6ut  these  cams  is  shown  in 
Fig.  12.  As  previously  determined,  the  advancing  cam  is  not  cut  down 
below  the  outer  circumference  except  for  the  rise  for  feeding  the  screw 
to  the  saw  and  dropping  back,  so  a  circle  is  drawn  with  a  2%-inch 
radius  as  shown,  which  represents  the  largest  diameter  of  the  cams. 
A  circle  A,  representing  the  path  of  the  center  of  the  transferring  lever, 
is  next  drawn.  Then  a  vertical  line  B,  representing  the  path  of  the 
center  of  the  advancing  cam,  is  drawn.  When  this  line  and  circle  have 
been  drawn,  we  have  the  relative  positions  of  the  transferring  and 
advancing  rolls.  The  transferring  roll  is  %  inch  in  diameter,  while 
the  advancing  roll  is  %  inch,  on  the  No.  00  machine  only. 

To  find  the  starting  and  finishing  points  on  the  cams,  proceed  as  fol- 
lows: Draw  a  circle  C  representing  the  advancing  roll  on  the  hun- 
dredth line  marked  94;  then  draw  a  quick^ise  on  the  cam  with  a 
1%-inch  radius.  As  the  screw  will  be  severed  from  the  bar  at  97% 
hundredths,  this  is  the  finishing  point  of  the  lobe  for  placing  the 
screw  in  the  slotting  bushing.  Next  construct  the  quick-drop  on  the 
cam  and  draw  another  circle  D,  1/16  inch  below  the  largest  diameter 
of  the  cam,  so  that  the  arm  will  drop  back  from  the  chuck  before  it 
begins  to  rise. 

Now,  to  determine  the  position  of  the  transferring  roll,  draw  two  cir- 
cles E  and  F  of  such  diameters  that  the  distance  O  equals  the  relative 
distance  between  the  center  of  the  transferring  arm  lever  and  the 
path  of  the  center  of  the  advancing  lever;  these  levers  swing  through 
arcs  in  planes  at  right  angles  to  each  other. 

To  obtain  the  center  of  the  transferring  lever,  relative  to  the  path  of 
the  advancing  lever,  draw  a  line  through  the  center  of  the  circle  D  and 
tangent  to  the  circle  F.  Then  draw  another  line  tangent  to  the  circle 
E  and  parallel  to  the  line  which  is  tangent  to  the  circle  F  and  passes 
through  the  center  of  the  circle  D.  The  point  Where  the  last  drawn 
Itne  cuts  the  circle  A  will  be  the  center  of  the  transferring  lever.  With 
this  point  as  center  and  the  compasses  set  to  the  radius  of  the  trans- 
ferring lever,  strike  an  arc,  and  with  its  center  on  this  arc  draw  the 
transferring  roll  circle  J7,  touching  the  smallest  diameter  of  the  cam. 
The  quick-rise  on  the  transferring  cam  is  then  constructed,  and  the  fin- 
ishing point  of  this  rise  (s  made  with  a  %-inch  radius,  so  that  the  speed 
at  which  the  arm  is  traveling  will  be  decreased  as  it  approaches  the  top 
of  its  travel.  If  this  is  not  done,  the  arm  will  hit  the  stop  and  re- 
bound, which  will  have  a  tendency  to  knock  the  screw  out  of  the 
slotting  bushing.  When  the  transferring  roll  is  on  the  highest  point  of 
the  cam,  the  advancing  roll  should  be  at  the  bottom.     A  clearance  of 
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1/100  is  allowed  between  the  point  when  the  transferring  roll  is  on  the 
top  of  the  cam,  and  the  point  when  the  advancing  roll  begins  to  advance 
the  screw  to  the  saw.  The  starting  and  finishing  points  of  the  lobes 
on  the  advancing  cam  for  advancing  the  screw  to  the  saw  are  con- 
structed in  a  manner  similar  to  that  just  described. 

Nothing  will  be  gained  by  dropping  the  arm  down  to  pick  up  another 
screw  before  the  teat  has  been  reduced  sufficiently  so  that  the  screw 
can  be  removed;  hence  as  much  of  the  cam  surface  as  possible  is  used 
for  slotting,  thus  preventing  forcing  the  feed  too  much.     To  find  the 
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finishing  point,  we  work  backward,  as  it  were,  and  locate  the  trans- 
ferring roll  at  the  base  of  the  cam,  as  shown  at  J;  then  draw  the  quick- 
rise  at  an  angle  0,  which  should  be  from  15  to  20  degrees  for  the  No.  00 
automatic  screw  machine.  When  this  angle  is  drawn,  we  then  have  the 
finishing  point  on  the  transferring  cam.  The  finishing  point  of  the 
advancing  cam  is  found  by  laying  out  the  rolls  in  their  respective 
positions,  in  the  same  manner  as  before,  care  being  taken  to  retain  the 
correct  relations  between  the  center  of  the  transferring  lever  and  the 
path  of  the  advancing  lever.  This  problem  may  seem  to  be  rather  com- 
plicated at  first,  but  after  some  practice  it  will  be  found  to  be  simple 
enough.     A  rise  of  0.125  inch  is  generally  allowed  on  the  advancing 
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cam,  so  that  all  sizes  of  screws  within  the  range  of  the  machine  can  be 
slotted  with  this  same  set  of  cams. 

Screw- slotting  Attachment  for  the  No.  O  and  No.  2  Machines 
The  principle  on  which  the  screw-slotting  attachment  for  the  No.  0 
and  No.  2  machines  works  does  not  vary  from  that  used  on  the  No.  00 
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Flff.  14.    Dlaffram  used  In  laylnff  out  Transferrinir  and  Advanolnff  Oams 
for  the  No.  O  Brown  ^  Sharpe  Automatic  Screw  Machine 

machine,  but  the  advancing  and  transferring  cams  are  located  differ- 
ently. On  the  No.  00  machine,  these  cams  are  held  side  by  side  on  the 
front  cam-shaft,  while  in  the  No.  0  and  No.  2  machines,  the  advancing 
cam  is  held  on  the  stud  which  holds  the  lead  cam,  while  the  transfer- 
ring cam  is  held  on  the  front  cam-shaft.    The  movement  of  the  levers, 
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of  course,  in  this  case  differs  from  that  on  the  No.  00  machine.  Refer- 
ring to  the  illustration  Fig.  13,  which  shows  the  attachment  used  on 
the  Xo.  0  machine,  A  is  the  advancing  cam  and  B  the  advancing  cam 
lever;  C  is  the  transferring  cam,  and  D  the  transferring  lever.  The 
method  of  carrying  the  screw  to  the  saw  is  similar  to  that  on  the  No.  00 
machine,  as  are  also  the  other  movements,  so  that  this  will  not  need 
further  description.  It  is,  however,  necessary  to  describe  the  method 
of  laying  out  the  transferring  and  advancing  cams. 

The  method  of  laying  out  the  transferring  and  advancing  cams  is 
illustrated  diagrammatically  in  Fig.  14  where  the  advancing  and  trans- 
ferring levers,  as  well  as  the  cams,  are  shown  in  the  same  plane.  The 
method  of  finding  the  starting  and  finishing  points  of  the  lobes  on  the 
transferring  and  advancing  cams  is  the  same  as  that  used  for  the 
ordinary  cross-slide  and  lead  cams.  The  only  point  to  remember  is  to 
retain  the  proper  distances  between  the  centers  of  the  levers,  and  to 
swing  them  into  their  proper  positions.  A  templet  could  be  made  for 
these  cams,  which  would  simplify  the  problem  of  laying  out  the  starting 
and  finishing  points.  When  a  templet  is  not  available,  the  method 
previously  described  for  the  No.  00  machine  can  be  used;  that  is,  keep- 
ing the  center  distances  In  the  same  relation,  in  their  respective  paths, 
and  swinging  the  rolls  into  the  desired  position. 

The  screw-slotting  attachment  for  the  No.  2  Brown  &  Sharpe  auto- 
matic screw  machine  does  not  differ  from  that  for  the  No.  0  machine. 
The  transferring  cams  in  both  these  machines  are  made  in  two  pieces, 
as  it  would  be  impossible  otherwise  to  assemble  them  on  the  front  cam- 
shaft. As  there  are  no  intermediate  points  at  which  the  transferring 
arm  is  to  dwell  between  the  chuck  and  slotting  saw,  there  are  no  calcu- 
lations necessary  for  determining  different  heights  on  the  transferring 
cam,  the  rise  from  the  lowest  to  the  highest  point  of  the  cam  being 
sufficient  to  lift  the  screw  from  the  chuck  to  the  slotting  saw. 

The  diagram  shown  in  Fig.  11  should  be  laid  out  so  that  all  the  dimen- 
sions required  for  laying  out  the  height  of  the  lobes  on  the  cams  can 
be  found.  It  is  always  advisable  to  allow  at  least  one-hundredth  of  the 
cam  surface  for  clearance,  between  the  starting  or  finishing  points  of 
the  lobes  on  the  transferring  or  advancing  cams.  This  allows  the  trans- 
ferring arm  to  stop  for  a  brief  interval  before  the  direction  of  its 
motion  is  changed. 
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MILIiING  SCREW  MACHINE  CAMS 

There  are  several  methods  used  for  finishing  plate  cams.  Most  meth- 
ods require  that  the  outline  be  accurately  laid  out,  after  which  the  stock 
is  removed,  generally  by  drilling  a  series  of  holes  around  the  outline 
and  breaking  away  the  outer  part.  The  cam  is  then  finished  to  the 
scribed  lines  by  milling  and  filing.  This  method,  however,  is  slow,  and 
the  highest  accuracy  is  not  obtainable  in  this  way. 

Another  method  which  is  applicable  to  all  cams  with  a  constant  rise 
is  illustrated  and  described  in  the  following:  A  diagrammatical  view 
of  the  relative  positions  of  the  compound  vertical  milling  attachment 
and  the  index  head  used  in  this  method,  is  shown  in  Fig.  15.  By  this 
method  constant-rise  cams  may  be  milled,  so  to  speak,  automatically,  by 
placing  the  cam  blank  on  the  index  head  spindle,  and  gearing  the  head 
for  spiral  milling.  An  end-mill  is  held  in  the  compound  vertical  mill- 
ing attachment,  which  is  adjustable  to  any  angle  in  the  vertical  plane, 
as  indicated.  The  milling  attachment  and  the  spiral  head  are  set  at  a 
certain  angle  with  the  table  surface,  this  angle  being  determined  by  the 
rise  of  the  cam  and  the  forward  feed  of  the  milling  machine  table  for 
one  turn  of  the  index  head  spindle;  this  forward  feed  is  usually  called 
the  spiral  lead  for  which  the  machine  is  geared.  It  will  be  clear  even 
to  persons  unfamiliar  with  this  method,  that  when  the  table  is  feeding 
forward,  the  slowly  revolving  cam  blank  is  fed  against  the  cutting 
edge  of  the  end-mill,  and  as  this  latter  is  stationary,  the  radius  of  the 
cam  will  be  constantly  decreased.  It  is  the  object  of  this  article  to 
describe  a  method  for  finding  the  angle  to  which  the  spiral  head  is  to 
be  set,  and  the  lead  for  which  the  spiral  head  is  to  be  geared,  so  ajs  to 
obtain  very  accurate  results  when  milling  constant-rise  cams.  The  for- 
mulas given  below  and  the  accompanying  tables  of  leads  obtainable  on 
the  Brown  &  Sharpe  milling  machines,  and  their  logarithms,  are  used 
for  facilitating  the  necessary  calculations.  In  order  to  carry  out  the 
calculations  by  the  method  outlined,  a  table  of  logarithms  of  numbers 
(Machinery's  Reference  Book  No.  53)  and  a  table  of  logarithms  of 
angular  functions  (Machinery's  Reference  Book  No.  55)  are  required. 
In  order  to  find  the  gears  to  be  used  for  any  spiral  lead  obtainable  on 
the  machine,  a  book  entitled  "Tables  of  Leads  for  Use  with  Universal 
Milling  Machines,*'  published  by  the  Brown  &  Sharpe  Mfg.  Co.,  Provi- 
dence, R.  I.,  should  be  used. 

General  Formulas  for  the  Calculations 
In  the  following  formulas  let 
J  =  lead  of  the  cam  lobe  to  be  milled;  the  lead  of  the  cam  lobe  is 
the  rise  of  the  cam  if  the  given  rate  of  rise  were  continued 
for  one  whole  revolution  or  360  degrees 
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i2  =  ri8e  of  the  cam  in  a  given  part  N  of  the  circumference, 
3r=:the  part  of  the  circumference  in  which  a  given  rise  takes  place; 
"N  is  expressed  as  a  decimal  in  hundredth  of  the  cam  cir- 
cumference, 
L  =  spiral  lead  for  which  the  milling  machine  is  geared, 
a  =  angle  to  which  the  index  head  and  milling  attachment  are  to  be 

set. 
The  finding  of  the  angle  a  to  which  the  index  head  is  to  be  set  for 
any  specific  case  is  most  easily  explained  by  reference  to  Fig.  16.    In 
the  right-angle  triangle  shown,  the  hypotenuse  L  represents  the  dis- 
tance that  the  milling  machine  table  will  be  fed  forward  while  the 


v(,i^hhn^^y^  sr. 


Flff.  15.   Diagranmmtioal  View  sbowtUr  Mefbod  Of  Mminff  Otseam  on 

the  MlUinff  Machine 

index  head  spindle  makes  one  complete  revolution,  or,  in  other  words, 
L  is  the  spiral  lead  for  which  the  machine  is  geared.  The  side  I  in 
the  triangle  represents  the  rise  that  the  cam  to  be  milled  would  have 
in  u60  degrees,  or  in  one  complete  revolution;  hence,  this  side  repre- 
sents the  lead  of  the  cam.    It  is  then  clear  that 


I 

sin  =  — 
L 

R  R 

But  Z  =  — ,  hence:  sin  a  = 

N  NXL 


(1) 


(2) 


It  is  apparent  from  Formula  (2)  that  when  i?,  N  and  L  are  known 
angle  a  can  be  determined.  As  it  is  not  practicable,  however,  to  set 
either  the  index  head  or  the  vertical  milling  attachment  closer  than  to 
whole  or  half  degrees,  the  lead  L  must  be  so  selected  that  the  angle 
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a  will  be  within  5  minutes  either  way  of  a  whole  or  a  half  degree. 
Hence  trial  calculations  must  be  made,  and  it  is  for  the  purpose  of 
^facilitating  these  calculations  that  the  tables  on  pages  36  to  38  have 
been  prepared. 

Practical  Use  of  Tables  and  Formulas 

The  practical  use  of  the  formulas  given  and  of  the  tables  can  be  best 
explained  by  means  of  an  example.  Assume  that  a  set  of  cams  is  de- 
signed and  drawn  as  shown  in  Fig.  17,  and  that  the  toolmaker  is  to 
be  given  the  necessary  data  for  milling  the  lobes  on  these  cams.  The 
milling  is  to  be  done  according  to  the  method  illustrated  in  Fig.  15. 
The  calculations  should  be  made  by  the  draftsman  or  whoever  designs 
the  cams,  and  it  is  recommended  that  the  results  of  the  calculations 
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Fiff.  10.    Relation  between  Setting  An^le  of  Index  Head.  Spiral  Lead 
and  Lead  of  Cam  Lobe 

be  tabulated  as  shown  in  the  table.  Referring  to  the  cam  drawings  in 
Fig.  17,  let  us  first  take  the  first  lobe  on  the  front-slide  cam.  Here 
the  rise  Je  =  0.155  inch  and  this  rise  takes  place  in  0.24  of  the  whole 
cam  circumference.    Hence  N  =  0.2i.    We  have  further: 

0.155 

-  =  0.6458 
0.24 

and,  from  Formula  (1): 

I        0.6458 

sin  o  =  —  = (3) 

L  L 

As  already  mentioned  we  must  now  find  a  lead  L  so  selected  that 
angle  a  will  be  within  5  minutes  either  way  of  a  whole  or  half  degree. 
In  order  to  accomplish  this  result  proceed  as  follows: 

First  find  the  logarithm  of  0.6458: 

log  0.6458  =  1.81010 

Now  turn  to  the  accompanying  tables  on  pages  36  to  38  (Tables  XI 
to  XII).  Beginning  with  any  lead  L  that  is  larger  than  the  numerator 
0.6458,  subtract  the  logarithms  of  the  leads,  as  found  in  the  tables, 
from  the  logarithm  of  the  numerator  0.6458  until,  by  repeated  trials. 
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TABLB  XI 

DATA  FOR  lOLLINQ  mOKMW  MAdBINS  CAMS 

Spin] 
LmmI 

Locaritldn 

Spiral 
Uad 

I^waHtlmi 

LMd 

Locarltkm 

Spin! 
LmmI 

UwltluD 

Splnl 
Uad 

Lwultim 

i^wanunn 

O.MO 
O.MO 
0.W8 
1.099 

1.05424 
1.06848 
1.00868 
Ol.01242 

1.776 
1.778 
1.786 
1.800 

0.24044 
0.24008 
0.25188 
0.26527 

2.888 

2.888 
2.844 
2.868 

0.^6701 
0.86884 
0.86006 
0.87488 

2.804 
2.900 
2.017 
2.924 

0.46160 
0.46874 
0.46494 
O.46508 

8.420 
8.488 
8.488 
8.401 

0.68517 
0.68681 
0.64268 
0.64296 

1.042 
1.047 
1.090 
1.0«7 

0.01787 
0.01005 
0.02110 
0.02816 

1.800 
1.818 
1.828 
1.860 

0.26744 
0.29060 
0.20070 
0.26961 

2.881 
2.886 
2.802 
2.400 

0.87676. 
0.87767 
0.87876 
0,88021 

2.988 
2.984 
2.946 
2.950 

0.46781 
0.46746 
0.46028 
0.46062 

8.402 
8.500 
8.520 
8.586 

0.54307 
0.54407 
0.64664 
0.54880 

1.089 
1.11« 
1.100 
1.900 

0.08048 

.0.04766 

0.07778 

0.07018 

1.861 
1.867 
1.876 
1.886 

0.26076 
0.27114 
0.27800 
0.27564 

2.424 
2.481 
2.442 
2.446 

0.88468 
0.88678 
0.88776 
0.88828 

2.977 
2.084 
8.000 
8.080 

0.47878 
0.47480 
0.47712 
0.48144 

8.662 
8.656 
8.564 
8.666 

0.66047 
0.55006 
0.55104 
0.56206 

l.ttl 
1.928 
1.240 
1.244 

0.08672 
0.08820 
0.00842 
0.00482 

1.005 
1.010 
1.020 
1.026 

0.27080 
0.28807 
0.28880 
0.28448 

2.460 
2.456 

2.481 
2.480 

0.88017 
089098 
0.80468 
0.80602 

8.044 
8.056 
8.056 
8.070 

0.488U 
0.48501 
0.48516 
0.48714 

3.671 
8.672 
8.582 
8.688 

0.56270 
0.56201 
0.66413 
0.56486 

1.250 
1.802 
1.800 
1.888 

o.'oeooi 

0.11461 
0.11601 
0.1248l( 

1.044 
1.064 
1.056 
1.000 

0.28870 
0.20002 
0.20187 
0.20886 

2.500 
2.614 
2.582 
2.587 

0.80704 
0.40087 
0.40846 
0.40482 

8.080 
8.066 
8.101 
8.111 

0.48856 
0.48040 
0.40160 
0.40200 

8.600 
8.618 
8.686 
8.687 

0.56680 
0.65847 
0.56062 
0.56074 

1.840 
i.871 
1.885 
1.400 

a.l2710 
0.18704 
0.14457 
0.14618 

1*098 
2.000 
2.000 
2.080 

0.20950 
0.80108 
01.80208 
0.80750 

2.546 
2.568 
2.667 
2'.571 

0.40586 
0.40700 
0.40048 
0.41010 

3.117 
8.126 
8.126 
8.140 

0.40874 
0.40485 
0.40400 
0.49698 

8.646 
8.6C6 
8.657 
8.668 

0.56182 
0.66280 
0.66812 
0.66884 

1.420 
1.488 
1.440 
1.447 

0.16508 
0.15625 
0.15886 
0.16047 

2.086 
2.086 
2.046 
2.047 

0.80866 
0.80878 
0.81060 
0.81112 

2.608 
2.606 
2.618 
2.610 

0.41880 
0.41681 
0.41707 
0.41814 

8.148 
8.150 
8.176 
8.182 

0.40784 
0.49881 
0.50174 
0.50270 

8667 
3.678 
8.684 
8.686 

0.66481 
0.56502 
0.66682 
0.86666 

1.468 
1.467 
1.488 
1.500 

0.16876 
0.16648 
0.17260 
0.17600 

2.067 
2.067 
2.088 
2.084 

0.81888 
0.81684 
0.81860 
0.81800 

2.625 
2.640 
2.658 
2.667 

0.41018 
0.42160 
0.42456 
0.42602 

8.180 
8.100 
8.198 
8.200 

060866 
0.50870 
0.50488 
0.50516 

3.704 
3.721 
8.788 
8  750 

0.66887 
0.67066 
O.(F7206 
0.67403 

1.522 
1.527 
1.550 
1.556 

0.18241 
0.18884 
0.10088 
0.12201 

2.008 
2.100 
2.121 
2.188 

0.82077 
0.82222 
0.82654 
0.82800 

2.674 
2.678 
2.670 
2.700 

0.42716 
0.42781 
0.42707 
0.48186 

8.214 
8.225 
8.241 
8.256 

0.60706 
0.50858 
0.61068 
0.61268 

8.768 
8.771 
8  772 
8.700 

0.67658 
0.67646 
0.67667 
0.67967 

1.568 
1.505 
1.600 
1.607 

0.10806 
0.20276 
0.20412 
0.20602 

2.148 
2.171 
2.178 
2.182 

0.88102 
0.88666 
0.88806 
0.88885 

2718 
2727 
2.748 
2.750 

0.48846 
0.48560 
0.48828 
Q.48968 

8.267 
8.278 
8.275 
8.281 

0.51415 
0.51406 
0.61621 
0.51001 

3.800 
8.810 
8  818 
8  810 

0.68081 
0.58092 
0.68184 
0  58106 

1.628 
1.687 
1.660 
1.667 

0.21166 
0.21405 
0.21748 
0.22104 

2.188 
2.108 
2.200 
2.222 

0.84006 
0.84104 
0.84242 
0.84674 

2.778 
2.791 
2.800 
2.812 

0.44878 
0.44576 
0.44716 
0.44009 

8.800 
8.808 
8.888 
8.845 

0.61851 
0.51057 
0.62284 
0.52440 

8822 
8887 
8840 
•8.850 

0.68220 
0.58899 
0.68488 
0.5Q546 

1.674 
1.680 
1.706 
1.711 

0.22876 
0.22681 
0.28188 
0.28825 

2.288 
2.288 
2.240 
2.250 

0.84880 
0.84986 
0.86025 
0.-85218 

2.828 
2.848 
2.846 
2.840 

0.46148 
0.45878 
0.46408 
0.45460 

8.840 
8.860 
8.888 
8.408 

0.62402 
0.62684 
062080 
0.58186 

8.876 
8.888 
3806 
8007 

0.58888 
0.58984 
0.68062 
0.60184 

1.714 
1.744 
t.745 
1750 

0.28401 
0.24156 
0.24180 
0.2480* 

2.274 
2.286 
2.202 
2.826 

0.85670 
0.85008 
0.86021 
0.86661 

2.857 
2.866 
2.867 
2.880 

0.45501 
0.45712 
0.45748 
0.45080 

8.411 
8.422 
8.428 

0.68268 
0.68288 
0.58428 
0.68504 

3.011 
8.020 
3.027 
8.020 

0.00228 
0.50880 
060406 
0.50428 
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Ti 

LBLS  Xn.    DATA  FOR  MTLLINQ  BORBW  MAOHINli  OAlfR 

8|>lnl 

LoSVithro 

Spiral 
LmmI 

LQcmtte. 

'» 

T  ,1     i,ii%.i_ 

8»lnl 

8»lnl 

^ 

i^samBB 

$.977 

0.69956 

4.679 

0.66011 

6.160 

0.71966 

6.848 

0.76701 

6.648 

0.81611 

«.»7» 

0.69977 

4.569 

0.66106 

6.168 

0.718119 

6.861 

0.76797 

6.668 

0.81710 

S.967 

0>.60065 

4.688 

0.66116 

5.185 

0.71475 

6.867 

0.76849 

6.678 

0.81809 

4.000 

0.60906 

4.584 

0.66194 

6.186 

0.71488 

6.898 

0.77004 

6.600 

0.81964 

4.011 

0.60896 

4.651 

0.66756 

5.196 

0.71559 

6.919 

0.77178 

6.6a 

0.89949 

.4.010 

0.60412 

4.655 

0.66799 

6.909 

0.71676 

6.990 

0.77889 

6.667 

0.89898 

4.040 

0.60688 

4.667 

0.66904 

6.910 

0.71684 

6.996 

0.77976 

6.689 

0.89686 

4.059 

0.60642 

4.676 

0.66978 

6.996 

0.71817 

5.969 

0'.77466 

6.697 

0.89588 

4.060 

0.60858 

4.687 

0.67089 

5.988 

0.71876 

6.954 

0.77481 

6.698 

0.89696 

4.070 

0.60958 

4.6d8 

0.67099 

5.286 

0.71900 

5.969 

0.77600 

6.719 

0.89780 

4.078 

0.60991 

4.691 

0.67197 

6.988 

0.71917 

6.979 

0.77619 

6.790 

0.89787 

4.074 

0.61002 

4.714 

0.67889 

6.950 

0.79016 

5.980 

0.77670 

6.786 

0.89884 

4.091 

0.61188 

4.786 

0.67541 

6.956 

0.79066 

6.000 

0.77816 

6.760 

0.89990 

4.098 

0.61904 

4.769 

0.67779 

5.980 

0.79968 

6.016 

0.77981 

6.757 

0.89976 

4.114 

0.61496 

4.778 

0.67879 

6.808 

0.79459 

6.090 

0.77960 

6.766 

0.88088 

4.196 

0.61549 

4.778 

0.67995 

6.816 

0.79558 

6.661 

0.78864 

6.784 

0.88149 

4.186 

0.61648 

4.784 

0.67979 

6.898 

0.79656 

6.077 

0.78869 

6.806 

0.88989 

4.144 

0.61742 

4.785 

0.67988 

6:888 

0.79697 

6.089 

0.78465 

6.818 

0.88866 

4.187 

0.61989 

4.800 

0.68194 

5.847 

0.79811 

6.109 

0.78597 

6.829 

0.88991 

4.186 

0.69180 

4.818 

0.6894a 

6.848 

0.79819 

6.119 

0.78618 

6.896 

0.88410 

4.900 

0.69895 

4.821 

0.68814 

6.857 

0.79899 

6.199 

0.78689 

6.857 

0.89813 

4.249 

0.62757 

4.849 

0.66566 

6.858 

0.79900 

6.196 

0.78711 

6.875 

0.88797 

4.968 

0.62870 

4.861 

0.68678 

6.875 

0.78088 

6.187 

0.78796 

6.880 

0.88789 

4.984 

0.69882 

4.884 

0.68878 

5.400 

0.78989 

6.140 

0.78817 

6.944 

0.84161 

.4.907 

6.68012 

4.889 

0.68999 

6.418 

0.78844 

6.148 

0.78888 

6.946 

0.84167 

4.278 

0.68124 

4.898 

0.69009 

5.496 

0.78448 

6.160 

0.78968 

6.968 

0.84811 

4.988 

0.68906 

4.900 

0.69090 

^.497 

0.78456 

6.171 

0.79086 

0.977 

0.84867 

4.800 

0.68847 

4.911 

0.69117 

6.444 

0.78599 

6.179 

0.79048 

6.989 

0.84m 

4.890 

0.68548 

4.914 

0.69144 

6.456 

0.78679 

6.909 

0.79958 

6.984 

0.84410 

4.841 

0.68759 

4.950 

0.69461 

6.460 

0.78791 

6.929 

0.79898 

7.000 

0.84510 

4.849 

0.68769 

4.961 

0.69567 

6.478 

0.78898 

6.984 

0.79477 

7.018 

0.84690 

4.881 

0.68969 

4.978 

0.69706 

6.486 

0.78996 

6.950 

0.79688 

7.040 

0.84767 

4.888 

0.68979 

4.984 

0.69758 

6.600 

0.74086 

6.956 

0.79698 

7.071 

0.84948 

4.864 

0.68988 

6.000 

0.60897 

5.666 

0.74476 

6.979 

0.79789 

7.104 

0.86150 

4.866 

0.68996 

5.017 

0.70044 

6.568 

0.74570 

6.986 

0.79887 

7.106 

0.85168 

4.875 

0.64098 

6.088 

O.70096 

6.681 

0.^4671 

6.800 

0.79984 

7.111 

0.86198 

4.886 

0.64907 

6.099 

0.70148 

6.689 

0.74679 

6.848 

O.80999 

7.180 

0.86809 

4.400 

0.64845 

5.040 

0.70948 

6.600 

0.74819 

6.860 

0.80977 

7.148 

0.86888 

4.444 

0.64777 

5.074 

0.*7p686 

6.626 

0.75019 

6.864; 

0.80878 

7.159 

0.85485 

4.466 

0.64969 

6.080 

0.70686 

6.667 

O.70959 

6.879 

0.80476 

7.1(» 

0.86509 

4.466 

0.64999 

6.088 

0.70665 

11.688 

0.75579 

6.896 

0.80591 

7.167 

0.85584 

4.477 

0.65099 

5.091 

0.70680 

4^.714 

0.75694 

6.400 

.0,80618 

7,176 

0.86688 

4.479 

0.66118 

5.098 

0.70607 

6.780 

0.75816 

6.417 

O.80788 

7.900 

0.85788 

4.480 

0.65198 

6.106 

0.70800 

5.788 

0.75888 

6.499 

0.80814 

7.968 

0.86141 

4.500 

0.66891 

6.116 

0.70898 

6.756 

0.76019 

6.450 

0.80956 

7.979 

0.86165 

4.699 

0.65688 

6.119 

0.70919 

6.759 

0.76085 

6.460 

0.81098 

7.978 

0.86171 

4.587 

0.66677 

6.190 

0.70997 

6.760 

0.76049 

6.465 

0.81057 

7.999 

0.86985 

4.645 

0.66758 

6.188 

0.71087 

5.788 

0.76958 

6.489 

0.81171 

7.810 

0.86899 

4.646 

0.65768 

6.184 

0.71046 

6.814 

0.76448 

6.619 

0.81871 

7.814 

0.86415 

4.548 

0.65789 

5.149 

0.71118 

5.818 

0.76477 

6.515 

0.81891 

7.896 

0.86487 

4.669 

0.65877 

5.148 

0.71199 

6.888 

0.76689 

6.584 

0.81618 

7.880 

0.86510 

4.667 

0.65968 

6.156 

0.71981 

5.847 

0.76698 

6.546 

0,81691 

7.888 

0.86628 
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Ti) 

3LB  zn 

[I.    DATA 

FOR  MI] 

LUNG  80E 

tBWMA 

UBISm  OA 

ica 

8plnl 

LsjKsritiHB 

Splfml 

LMd 

LocwHIwi 

Spinl 
Uad 

Splnl 

LMd 

LrfMAvltlun 

Spiral 

Locttitkm 

AMvanuin 

7.884 

0.86584 

8.081 

0.80747 

8.988 

0.86187 

9.888 

0.99847 

10.800 

1.08842 

7.847 

0.86611 

8.108 

0.80858 

8.868 

0.86986 

8.844 

0.98817 

10.858 

1.08665 

7.871 

0.86758 

8.118 

0.80850 

8.860 

0.869ltl 

9.900 

0.98664 

10.860 

1.08G79 

7.873 

0.86758 

8.140 

0.81069 

8.880 

0.85888 

8.891 

0.88666 

10.909 

1.05778 

7.400 

0.86888 

8.145 

0.81088 

9.000 

0.85484 

0.988 

0.89664 

10.918 

1.08794 

7.«08 

0.86830 

8.148 

0.81106 

9.044 

0.96686 

9.9a 

0.99789 

10.987 

1.08890 

7.484 

O.87064 

8.148 

0.91110 

9.074 

0.89780 

9.954 

0.99800 

10.945 

1.08923 

7.448 

0.87168 

8.168 

0.81185 

0.091 

0.80861 

9.967 

0.99856 

lo.oa 

1.08887 

7.465 

O.87808 

8.167 

0.81906 

9.116 

0.86976 

9.968 

0.99861 

10.979 

1.04099 

7.487 

0.87815 

8.188 

0.81986 

9.184 

0.96066 

10.000 

1.00000 

u.ooo 

1.04180 

7.500 

0.67506 

8.186 

0.91807 

9.187 

0.96080 

10.088 

i.ooia 

l.OO10t» 

11.021 

1.049S2 

7.585 

0.87651 

8.819 

0.81446 

9.148 

0.86109 

10.046 

11.057 

1.04864 

7.548 

0.87764 

8.988 

0.91686 

8.164 

0.96909 

10.067 

1.00947 

11.111 

1.04575 

7.576 

0.87844 

8.860 

0.81646 

9.167 

0.96998 

10.078 

1.00887 

11.187 

1.04677 

7.507 

0.88064 

8.806 

0.81889 

9.910 

0.96496 

10.080 

1.00846 

11.160 

1.04766 

7.601 

0.88087 

8.818 

0.91971 

9.914 

0.96445 

10.101 

1.00486 

11.168 

1.04778 

7.611 

0.88144 

8.888 

0.99080 

9.260 

0.96661 

10.169 

1.00686 

11.160 

1.04801 

7.618 

0.88180 

8.884 

0.98086 

9.802 

0.96868 

10.176 

1.00758 

11.198 

1.04914 

7.680 

0.88185 

8.861 

0.98996 

9.808 

0.96868 

10.189 

1.00788 

11.200 

1.04999 

7.686 

0.88887 

8.879 

0.99988 

8.888 

0.87009 

10.186 

1.00600 

11.225 

1.06019 

7.688 

0.88804 

8.877 

0.88809 
0.$8498 

8.884 

0.87007 

10.909 

1.00898 

11.250 

1.06115 

7.644 

0.88888 

8.400 

8.851 

0.97066 

10.998 

1.00979 

11.818 

1.06868 

7.657 

0.88406 

8.487 

0.99619 

8.876 

0.97197 

10.988 

1.01000 

11:814 

1.05862 

7.674 

0.88508 

8.467 

0.99799 

9.882 

0.97980 

10.988 

1.01092 

11.868 

1.06548 

7.675 

0.88608 

8.484 

0.99860 

9.885 

0.97248 

10.967 

1.01144 

11.401 

1.05604 

7.678 

0.88580 

8.485 

0.88866 

9.406 

0.97840 

10.986 

1.01986 

11.429 

1.05801 

7.680 

0.88586 

8.606 

0.88878 

9.498 

0.97442 

10.812 

1.01884 

11.464 

1.06886 

7.700 

0.88648 

8.528 

0.98069 

8.488 

0.97447 

10.818 

1.01888 

11.469 

1.06815 

7.714 

0.88788 

8.597 

0.88080 

8.460 

0.97589 

10.890 

1.01868 

11.467 

1.06845 

7.758 

0.88841 

8.589 

0.98106 

9.478 

0.97644 

10.886 

1.01486 

11.612 

1.06U5 

7.778 

0.88087 

8.584 

0.98116 

9.694 

0.97882 

10.87CI 

1.01578 

11.618 

1.06188 

7.788 

0.88166 

8.559 

0.98907 

9.645 

0.97978 

10.871 

1.01682 

11.620 

1.06145 

7.818 

0.88982 

8.666 

0.98997 

9.646 

0.07882 

10.880 

1.01662 

11.674 

1.06848 

7.815 

0.88988 

8.579 

0.88808 

9.547 

0.97987 

10.417 

1.01774 

11.629 

1.06654 

7.818 

0.88810 

8.694 

0.98490 

9.649 

0.97996 

10.419 

1.01788 

11.688 

1.06588 

7.888 

0.88481 

8.600 

0.98400 

9.666 

0.98028 

10.461 

1.01916 

11.667 

1.06686 

7.856 

0.88615 

8.640 

6.98661 

9.669 

0.96687 

10.467 

1.01962 

11.688 

.1.06774 

7.857 

0.88696 

8.681 

0.98867 

9.696 

0.98218 

10.478 

1.02007 

11.696 

1.06800 

7.878 

0.88608 

8.682 

0.98869 

9.600 

0.98297 

10.476 

1.02020 

11.719 

1.66888 

7.875 

0.88625 

8.687 

0.98887 

9.625 

0.98840 

10.477 

1.02094 

11.731 

1.06886 

7.888 

0.80669 

8.791 

0.94067 

9.648 

0.98491 

10.500 

1.08119 

11.798 

1.06088 

7.880 

0.88878 

8.797 

0.94086 

9.676 

0.98665 

10.568 

1.09868 

11.788 

1.06841 

7.886 

0.88960 

8.780 

0.94101 

9.690 

0.98682 

10.571 

1.09419 

11.757 

1.07080 

7.854 

0.80059 

8.760 

0.94201 

9.697 

0.88664 

10.606 

1.09656 

11.785 

1.07188 

7.865 

0.90064 

8.779 

0  94810 

9.728 

0.98780 

10.681 

1.09667 

11.786 

1.07187 

7.868 

0.90108 

8.800 

0.91448 

9.741 

0.98860 

10.666 

1.09765 

11.825 

1.07280 

7.974 

0.90168 

8.888 

0.94686 

9.768 

0.98981 

10.669 

1.09772 

11.862 

1.07879 

7.884 

0.90276 

4.889 

0.94640 

9.778 

0.99008 

10.667 

1.09804 

11.906 

1.07578 

8.000 

0.90808 

8.889 

0.94886 

9.778 

0.99026 

10.694 

1.09914 

11.988 

1.07698 

8.081 

0.80488 

8.808 

0.94988 

9.796 

0.99106 

10.718 

1.09991 

11.944 

1.07716 

8.085 

0.80488 

8.899 

0.85080 

9.818 

0.99202 

10.714 

1.09996 

ii.9te 

1.07778 

8.068 

0.80«0 

8.880 

O.96085 

9.899 

0.99220 

10.760 

1.08141 

18.000 

1.07918 
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a  remainder  is  obtained  which  is  the  logarithm  of  the  sine  of  an  angle 
which  is  within  5  minutes  of  a  whole  or  a  half  degree.  The  angle 
thus  found  is  the  setting  angle  for  the  index  head  and  the  lead  giving 
this  angle  is  th6  one  for  which  the  head  Is  to  be  geared.  Proceeding 
according  to  the  directions  given  above  we  have: 

log  0.6458=1.81010 
(Subtract)     log  0.900   =195424 

log  sin  a  =185586 

From  a  table  of  logarithms  of  sines  we  find  that  a  =  45  degrees  51 
minutes.  As  this  angle  is  not  within  5  minutes  of  a  whole  or  a  half 
degree,  try  the  next  lead  in  Table  XI,  as  follows: 

log  0.6458  =  1.81010 
(Subtrcict)     log  0.930   =1.96848 


log  sin  o  =  T.84162 
Hence  a  =  43  degrees  59  minutes. 

This  angle  fills  the  requirements.  No  more  trials  are,  therefore, 
required,  and  the  index  head  and  the  compound  vertical  milling  attach- 
ment are  to  be  set  to  44  degrees;  the  gears  to  use  for  gearing  the 
spiral  head  fQr  0.930  inch  lead  are  found  from  Brown  &  Sharpe  Mfg. 
Co.'s  book  "Table  of  Leads  for  Use  with  Universal  Miling  Machines," 
as  aready  mentioned. 

In  using  this  method,  the  following  conditions  must  be  taken  into 
consideration: 

If  a  spiral  lead  can  be  found  in  the  accompanying  tables  which  is 
exactly  equal  to  the  numerator  I  in  the  fraction  giving  sin  a  in  B\)rmula 
(1),  then  this  lead  is  the  lead  for  which  the  spiral  head  is  to  be 
geared.  It  will  be  seen  that  sin  a  in  this  case  becomes  equal  to  1, 
which  is  the  sine  of  90  degrees.  This  indicates  that  the  compound  verti- 
cal milling  attachment  and  the  index  head  are  to  be  set  in  a  vertical 
position.  The  calculations  required  for  this  case  then  become  very 
simple,  as  no  further  trials  are  necessary. 

Especial  attention  should  be  given  to  the  fact  that  the  spiral  leads  L 
used  in  the  trial  calculations  must  be  larger  than  the  numerator  I  in 
the  fraction  giving  sin  a  inEkiuation  (1).  If  the  number  expressing 
the  lead  were  not  greater  than  the  numerator,  the  value  of  the  fraction 
would  be  greater  than  1,  but  as  the  sines  of  all  angles  are  smaller  than 
1,  this  would  be  an  impossible  condition. 

In  finding  the  lead  corresponding  to  a  suitable  ang!e,  a  simple  way 
Is  to  write  the  logarithm  of  the  lead  L  on  the  upper  edge  of  a  second 
sheet  of  paper  and  to  hold  this  under  the  originally  written  value  of 
the  logarithm  of  the  numerator  I  in  Formula  (1),  putting  the  difference 
on  the  second  sheet  of  paper  until  a  logarithm  of  sin  a  is  found,  giving 
a  suitable  angle,  as  explained  above.  This  saves  repeating  the  writing 
down  of  the  logarithm  of  the  numerator  X  for  each  trial  subtraction. 
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As  another  example  illustrating  what  has  been  said,  we  may  calcu- 
late the  first  lobe  on  the  lead  cam.    Here  L  =  0.906,  :y  =  0.30.    Hencci 
0.906 

1  = ^3.02.    It  is  found  by  repeated  trials,  starting  with  L  =  3.03, 

0.30 
that  no  lead  gives  an  angle  a  even  approximately  within  the  given  re- 
quirements, before  we  come  to  the  lead  3.111: 

log  3.02  =0.48001 
(Sutotract)     log  3.111  =  0.49290 


log  sin  a  =  1.98711 
Hence  a  =  76  degrees  6  minutes. 


TABLB  ZrV.    BBBULT8  OBTAINK>  BT  THB  OALOULATIONB 

FOR  ANOLB  AND  IMAS> 

PI«J«  No.  4-817 

Compated  by  H.  W.  B. 

Checked  by  W.W.J. 

D«te:NoT.17,1910 

Name  of 
C«n 

^1 

1^ 

il 

11 

i 

11 

|8 

1^ 

is 

11 

Lead«am 

0.906 

80 

76 

8.111 

40 

72 

56 

100 

Lead  cam 

0.906 

14i 

80 

6.848 

100 

44 

24 

86 

Front  oam 

0.156 

24 

44 

0.980 

24 

72 

24 

86 

Front  oam 

0.048 

18i 

20 

0.980 

24 

72 

24 

86 

Bear  cam 

0.887 

821 

82 

1.047 

24 

64 

24 

86 

While  the  angle  76  degrees  6  minutes  is  not  quite  within  the  limits 
that  we  have  specified,  it  is  so  nearly  so  that  it  is  safe  enough  to  as- 
sume the  setting  angle  to  be  76  degrees,  the  corre^>onding  lead  being 
3.111.  We  can  calculate  the  actual  rise  of  the  cam  with  this  lead  and 
angle  and  compute  the  error  resulting  in  the  rise.    From  Formula  (2) 

we  have: 

«  =  8inoX2yrxL  (4) 

Inserting  o  =  76  degrees.  2V  =  0.30,  and  L  =  3.111,  we  obtain  ie  = 
0.9056  inch. 

The  error  in  the  rise  thus  is  0.0004  inch,  which  for  all  practical  pur- 
poses can  be  disregarded.  The  same  method  is  employed  for  the  other 
lobes.  With  a  little  practice,  the  work  can  be  carried  on  rapidly,  and 
the  method  is  very  simple  to  remember. 

While  it  is  the  best  practice  always  to  use  a  spiral  lead  which  corre- 
sponds to  an  angle  within  5  minutes  of  a  whole  or  half  degree,  as  stated, 
yet  a  considerable  amount  of  time  may  be  saved  in  milling  cam  lobes 
with  several  leads,  when  the  greatest  accuracy  may  not  be  required,  by 
gearing  the  machine  for  the  greatest  lead  of  lobe  and  changing  the 
setting  angle  of  the  head  for  the  other  leads. 
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Automatic  Screw  Machine  Practice  for  the  Brown  k  Sharpe  auto- 
matic acrew  machines  is  covered  in  eight  Reference  Books,  Nos.  99  to 
106,  inclusiye.  Reference  Book  No.  99,  "Operation  of  the  Brown  ft 
Sharpe  Automatic  Screw  Machines,''  deals  with  the  construction  of 
these  machines  and  the  setting-up  of  the  tools.  No.  100,  "Designing  and 
Cutting  Cams  for  Automatic  Screw  Machines,"  gives  detailed  instruction 
on  cam  design,  and  describes  a  simplified  method  for  milling  cams. 
No.  101,  "Circular  Form  and  Cut-off  Tools  for  the  Automatic  Screw 
Machine,"  deals  with  the  general  arrangement  and  the  calculations  of 
these  tools,  and  describes  the  different  methods  employed  in  their 
making.  No.  102,  "External  Cutting  Tools  for  the  Automatic  Screw 
Machine,"  deals  with  tl^e  design  and  construction  of  box-tools,  taper 
turning  tools,  hollow  mills,  and  shaving  tools.  No.  103,  "Internal  Cut- 
ting Tools  for  the  Automatic  Screw  Machine,"  deals  with  centering 
tools,  cross-slide  drilling  attachments,  counterbores,  reamers,  and  re- 
cessing tools.  No.  104,  "Threading  Operations  on  the  Automatic  Screw 
Machine,"  treats  on  cam  design  for  threading  operations,  threading 
dies,  taps  and  tap  drills,  die  and  tap  holders,  and  thread  rolling.  No. 
105,  "Knurling  Operations  on  the  Automatic  Screw  Machine,"  describes 
the  construction  of  knurling  holders,  and  gives  directions  for  the  mak- 
ing of  knurls  and  the  design  of  tools  and  cams  used  in  connection  with 
knurling  operations.  No.  106,  "Milling,  Cross-drilling  and  Burring 
Operations  on  the  Automatic  Screw  Machine,"  describes  screw-slotting 
attachments,  index  drilling  attachments,  and  burring  attachments,  giv- 
ing directions  for  their  use  and  for  the  design  of  cams  for  them. 


Digitized  by  CjOOQ IC 


CHAPTER  I 


GENERAL  ARRANGEMENT  OF  CIRCX7LAR  FORM 
AND  CUT-OFF  TOOLS 

When  any  given  piece  of  work  is  to  be  made  on  the  screw  machine, 
the  methods  of  arranging  the  operations  and  the  tools  to  be  used 
should  be  decided  upon  before  designing  the  cams^  One  of  the  first 
things  to  consider  is  the  method  of  applying  the  circular  form  and  cut- 
off tools.  The  methods,  of  course,  will  vary  to  a  considerable  extent, 
according  to  the  shape  of  the  piece  to  be  made. 

Forming  with  circular  tools  as  shown  in  Fig.  1,  when  the  piece  per- 
mits, is  usually  the  best  and  quickest  method;  it  is  quicker  than  using 
the  turret  tools,  on  account  of  eliminating  the  necessity  of  revolving 
the  turret.  The  tools  can  also  be  easily  and  quickly  changed  when 
setting  up  for  another  piece.  This  method  is  recommended  when  the 
length  of  the  work  is  not  more  than  2%  times  the  smallest  diameter 
of  the  piece  when  finished.  For  example,  when  the  smallest  diameter 
a  in  Fig.  1  is  %  inch  and  dimension  b  not  more  than  %  inch,  it  is 
most  economical  to  use  the  form  and  cut-off  tool  method.  The  oper- 
ations for  making  the  piece  would  be  as  follows:  The  stock  is  first 
fed  out  to  the  stop,  then  the  form  tool  A  \a  brought  in,  forming  the 
body  a,  and  Just  as  the  tool  A  is  finishing,  the  tool  B  is  brought  in 
and  severs  the  piece  from  the  bar.  Another  example  is  shown  in  Fig. 
2  where  a  shouldered  screw  is  being  made;  here  the  tool  C  is  brought 
in  and  forms  the  part  c  and  the  neck  e;  then  the  die  threads  the 
screw,  and  the  tool  D  is  brought  in  and  severs  the  piece  from  the  bar, 
and  forms  the  part  d  for  the  next  screw  at  the  same  time;  the  stock 
is  then  fed  out  to  the  stop  and  the  operations  continued.  This  order 
of  operations  necessitates  one  complete  revolution  of  the  turret,  for 
each  screw,  and  if  the  time  utilized  by  the  tools  C  and  D  is  not  long 
enough  to  allow  the  turret  to  be  revolved,  so  as  to  bring  the  stop  into 
position  for  the  next  piece,  additional  time  would  have  to  be  allowed 
for  revolving  the  turret. 

Applications  of  Circular  Toole 
When  making  short  screws  similar  to  that  shown  at  A,  Fig.  3,  where 
the  circular  form  and  cut-off  tools  finish  the  screw,  except  for  the 
threading,  it  is  good  practice  to  apply  the  circular  tools  as  shown,  and 
if  the  time  utilized  by  the  tools  is  not  long  enough  so  that  the  turret 
can  be  revolved  to  bring  the  stop  into  position  for  the  next  piece,  two 
sets  of  tools,  viz.,  two  stops  and  two  die  holders,  should  be  used  in  the 
turret.  The  method  shown  at  B,  Fig.  3,  is  not  commendable,  inasmuch 
as  the  feeding  of  the  stock  varies  to  such  an  extent  that  the  form  tool 
will  break  off  the  screw  when  the  latter  is  much  reduced  at  a,  in  case 
there  be  an  excessive  amount  to  face  off  the  end  of  the  screw.  The 
turret  would  also  require  to  be  indexed,  to  clear  the  slotting  arm,  so 
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that  very  little  time  could  be  saved  by  adopting  a  method  of  this 
description,  except  when  the  part  a  is  large  in  diameter  and  the  screw 
is  short  in  length. 

When  a  box-tool  or  hollow-mill  follows  the  forming  operation,  the 
forming  tool  should  be  beveled,  as  shown  at  e  in  C ;  this  leaves  a  bev- 
eled shoulder  on  the  pieces,  so  that  when  the  box-tool  or  hollow-mill 
is  fed  as  shown  at  C^  it  completely  removes  the  superfluous  material 
without  leaving  the  objectionable  ring  which  would  be  produced  if  the 
face  of  the  form  tool  were  square,  as  shown  at  &  in  C,.  This  ring  of. 
metal  is  shown  at  c  in  C,;  it  prevents  the  finishing  box-tool  or  die 
from  being  fed  up  to  the  shoulder.  It  is  clearly  seen  that  the  ring 
would  have  to  be  removed  in  any  case.  The  cut-off  tool  should  bevel 
the  end  of  the  stock,  as  shown  at  d  in  C,  in  order  to  permit  the  start- 
ing of  the  box-tool  on  a  light  cut,  until  the  back  rests  have  a  good  sup- 
port; the  bevel  also  locates  the  hollow-mill  and  equalizes  the  cutting 


Plff .  1 .  niustnktloii  ahowlnr  Relation  Fir.  a.  IllnstraMon  abowliiff  »  O^mm 

between  BmftUast  Dl*a»«t«r  of  Work       wb«r«  th«  Out-off  Tool  forma  Fftrt  of 
•nd  Length  of  Forming  Tool  tb«  Pleo« 

pressure  on  the  teeth.  The  previous  examples  apply  to  the  making  of 
screws,  but  the  principles  involved  are  also,  of  course,  applicable  to 
the  forming  of  other  parts. 

It  is  obvious  that,  as  the  conditions  under  which  the  work  is  done 
and  the  limits  allowed  on  it  vary  widely,  it  would  be  impracticable  to 
lay  down  hard  and  fast  rules  in  regard  to  the  application  of  circular 
tools,  but  the  following  suggestions  will  be  found  applicable  to  general 
conditions.  At  D,  Fig.  3.  is  shown  a  method  sometimes  used  to  advan- 
tage in  making  shouldered  screws  or  other  pieces  of  a  similar  char- 
acter. This  forming  operation  is  not  recommended  when  the  piece  to 
be  made  is  required  to  be  very  accurate,  as  a  slight  eccentricity  in  the 
spring  collet  would  cause  the  part  /  to  be  out  of  true  with  the  part  g. 
In  cases  where  accuracy  is  required,  the  part  g  could  be  roughed  down 
with  the  cut-off  tool  and  a  light  finishing  cut  taken  with  a  box-tool 
At  Di  is  shown  an  improved  method  of  forming  the  same  piece,  as  the 
form  tool  here  removes  the  burr  from  the  head. 

In  applying  circular  tools,  the  question  of  gaging  the  pieces  must  be 
carefully  considered,  as  in  some  cases,  when  difllcult  shapes  are  to  be 
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formed,  it  is  advisable,  if  possible,  to  use  the  forming  tool  for  this 
purpose,  thujs  avoiding  the  making  of  expensive  gages,  which  is  usu- 
ally necessary  when  more  than  one  tool  is  used.  The  piece  shown  at 
E,  Fig.  3,  will  require  a  box-tool,  forming  tool  and  cut-off  tool;  if  made 
as  shown,  it  will  be  seen  that  no  gaging  is  necessary,  except  for  diam- 
eters and  over-all  length,  the  latter  not  being  required  to  be  very 
accurate.  At  F,  a  piece  of  the  same  shape  is  shown;  three  tools  are 
used  as  before,  but  the  cut-off  tool  is  used  to  finish  part  h  to  the  re- 
quired length  and  the  box-tool  to  finish  the  shoulder  k  to  correct 
length.      It  will  readily  be  seen  that  a  more  expensive  gage  will  be 


Flff.  4.    Holders  for  Olroalar  Form  and  Chit-off  Tools 

required  for  gaging  the  parts  h  and  fc,  and  considerable  time  will  be 
lost  In  setting  up  the  tools,  after  grinding,  in  their  correct  relation  to 
each  other,  so  as  to  insure  that  the  part  h  of  the  piece  to  be  made  be 
formed  the  correct  length. 

It  Is  generally  necessary  to  provide  means  for  removing  the  objec- 
tionable burrs  thrown  up  by  the  forming  tools,  as  shown  at  G,  Fig.  3. 
The  burrs  are  caused  by  the  tools  becoming  dull  and  by  the  rubbing 
of  the  forming  tools  on  the  sides  of  the  cut,  due  to  lack  of  side  clear- 
ance on  the  side  of  the  forming  tools.  By  adding  a  beveled  edge  to 
the  tools  as  shown  at  Gi,  the  burrs  are  removed;  this  adds  slightly  to 
the  cost  of  the  tools,  but  in  the  majority  of  cases  the  results  produced 
warrant  the  extra  expense. 
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Holding  Circular  Form  and  Cut-off  Tools 

The  method  by  which  circular  tools  are  held  should  be  carefully 
considered,  otherwise  satfiBfactory  results  will  not  be  obtained.  If,  for 
instance;  the  tool-holder  is  light  and  improperly  sui^orted,  chattering 
will  result  when  long  work  is  formed.  To  prevent  this,  the  tool-holder 
should  be  well  proportioned  and  held  rigidly  upon  the  cross-jslide.  The 
half-tones  A  and  B,  Fig.  4,  illustrate  a  suitable  holder  for  general  work, 
which  is  supplied  by  the  Brown  ft  Sharpe  Mfg.  Co.  with  their  various 
types  of  automatic  screw  machines.  This  holder  embodies  all  the 
essential  features  necessary  for  obtaining  good  results,  viz.:  rigidity, 
means  to  prevent  the  tool  from  rotating  while  cutting,  suitable  adjust- 
ment, provision  for  periphery  clearance,  means  for  adjusting  the  tool 
at  right  angles  to  the  work,  and  means  for  the  securing  of  the  holder 
to  the  cross-slide. 

The  form  tool  is  firmly  clamped  against  the  face  of  the  holder  by 
means  of  cap-screw  a  and  clamping  bolt  b;  the  latter  is  used  to  keep 
the   tool   from  turning  while   cutting.    Care   should   be   taken   when 
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designing  the  circular  tools,  so  that  the  clamping  bolt  b  gets  an  ample 
bearing  on  the  side  of  the  tool  as  otherwise  the  clamping  bolt  will  in 
time  become  bent,  as  shown  by  the  dotted  lines  in  the  half-tone  B, 
which  would  impair  its  efficiency  as  a  clamping  device.  Plate  d  and 
eccentric  bolt  e  are  provided  for  obtaining  a  slight  adjustment  when 
setting  the  cutting-edge  of  the  tool  in  the  correct  relation  to  the  center 
of  the  work.  The  block  /  is  used  for  raising  the  tool  when  the  cut- 
ting edge  is  cut  below  the  center.  At  g  are  two  screws,  not  shown  in 
the  half-tone,  by  means  of  which  the  tool  can  be  set  at  right  angles 
to  the  work.  The  holder  is  clamped  to  the  cross-slide  by  the  bolt  h 
and  nut  h.  Numerous  types  of  holders  for  holding  circular  tools  have 
been  designed,  the  principles  inTolved  being  in  most  cases  similar  to 
those  of  the  one  described. 

Supportingr  liOnfiT  Work  while  Forminir 

It  is  sometimes  found  necessary  to  support  long  work  while  forming, 

especially  when  the  piece  being  formed  is  turned  down  on  both  ends. 

The  work  is  generally  supported  by  a  support  held   in  the   turret, 

which,  in  the  majority  of  cases,  can  also  be  used  as  a  stop.    In  Fig.  5 
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is  shown  a  piece  which  is  being  supported  in  this  manner.  The  part 
a  is  formed  by  the  tool  A  and  the  stock  is  then  fed  out  into  the  sup- 
port which  in  this  case  also  acts  as  a  stop;  the  tool  B  then  forms  the 
part  &.  This  kind  of  a  support  works  satisfactorily  on  work  which 
is  not  r^uired  to  be  very  accurate  and  which  is  left  plain,  i.  e.,  not 
threaded  on  part  a.  In  some  cases  both  ends  are  to  be  knurled;  then 
a  support  of  this  description  cannot  be  used  to  advantage. 

In  Fig.  6  is  shown  a  method  which  will  work  satisfactorily  when 
the  piece  is  threaded  or  knurled.  The  work  operated  on  is  shown  in 
position,  supported  by  a  movable  slide  A  held  in  a  holder  B;  slide  A 
carries  two  hardened  and  ground  supporting  rollers  C.     It  is  forced 


w 


JfoilAflMTVt^r.r. 
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up  against  the  work  by  cam  D,  which  in  turn  is  operated  by  the  cam 
attachment  E,  To  fasten  the  cam  attachment  to  the  machine,  as 
shown  in  Fig.  6,  the  stop  which  is  used  for  locating  the  slotting  arm 
when  it  ia  in  position  to  travel  onto  the  work,  is  removed,  and  the 
cam  attachment  is  screwed  down  in  its  place.  Two  dowel  pins  a  have 
been  added  to  the  cam  attachment  to  hold  it  rigid. 

A  detailed  view  of  the  cam  attachment  is  shown  in  Fig.  7,  from 
which  the  operating  parts  can  be  clearly  understood;  the  combination 
sti^p  and  support  is  shown  in  Fig.  8.  The  operations  to  produce  the 
piece  F,  Fig.  6,  would  be  as  follows:  The  part  h  \&  left  to  project  out 
of  the  chuck  far  enough  so  as  to  allow  it  to  be  threaded.  To  start 
the  operations,  the  part  h  is  formed  and  threaded;  then,  after  the  die 
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leaves  the  work,  the  turret  la  revolved,  the  support  is  brought  into 
position  and  the  stock  is  fed  out  and  gaged  to  length  by  the  stop  H. 
The  spindle  is  left  running  backwards  and  the  tool  Gi  forms  the  part 


rig.  7.    Omd  Atteohm^nt  iia«d  In  Ctonnaotlon  wltb  th«  AiTM&ff«m«iit 
for  Bapportlnir  Liong  Work  ahown  In  Vlg.  O 

c.  After  the  form  tool  Gi  has  finished  its  work,  a  knurl-holder,  not 
shown  in  the  illustration,  travels  over  the  work  and  knurls  the  ends. 
The  cut-off  tool  G  severs  the  finished  piece  from  the  bar,  at  the  same 


i Ta 


WfM 


J/aA-A/wrjy^V.r. 


Flff.  8.    Oomblnatlon  Stop  mad  Support  xmtA  In  Arrmng^xnent  -for 
Bupportlaff  Lionff  Work  shown  In  Flff.  O 

time  forming  the  part  b  of  the  next  piece.  The  support  can  be  with- 
drawn after  knurling,  or  left  in  position  until  the  piece  is  cut  off, 
when  the  turret  \a  revolved  and  the  piece  drops  out 
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Arrangement  of  Circular  Tools 

When  applying  circular  tools  to  the  Brown  ft  Sharpe  automatic 
screw  machines,  the  arrangement  of  the  tools  has  an  important  bear- 
ing on  the  results  obtained.  The  various  ways  of  arranging  the  cir- 
cular tools,  with  relation  to  the  rotation  of  the  spindle,  are  shown  at 
A,  B,  C,  and  D,  Fig.  9.  These  diagrammatical  views  are  to  be  con- 
sidered as  being  seen  looking  from  the  turret  towards  the  face  of  the 
chuck.  The  arrangement  at  A  gives  good  results  for  long  forming  on 
brass,  steel  or  gun-screw  iron,  for  the  reason  that  the  pressure  of  th3 
cut  is  downward  and  hence  the  work  is  supported  and  held  more 
rigidly  than  when  the  form  tool  is  turned  upside  down  on  the  front 
slide  as  shown  at  B;  heri^  t)ie  stock  turning  up  towards  the  tool  has 
a  tendency  to  lift  the  cross-slide,  causing  chattering;    therefore,  the 


Plff.  e.    Dlffer«nt  ArrMigemenf  of  Olroalar  Tools 

arrangement  shown  at  A  is  recommended  when  a  high  finish  is  de« 
sired.  The  arrangement  at  B  works  satisfactorily  when  forming  short 
steel  pieces  which  do  not  require  a  high  finish,  as  it  allows  the  cut- 
tings to  drop  clear  of  the  work,  and  also  allows  a  good  supply  of  oil 
to  reach  the  tools.  This  arrangement  gives  good  results  when  mak- 
ing  screws  when  the  form  and  cut-off  tools  operate  after  the  die,  as 
no  time  is  lost  in  reversing  the  spindle.  The  arrangement  at  C  is 
recommended  for  heavy  cutting  on  large  work,  when  both  tools  are 
used  for  forming  the  piece;  a  rigid  support  is  then  necessary  for  both 
tools  and  a  good  supply  of  oil  is  also  required.  The  arrangement  at 
D  is  objectionable,  and  should  be  avoided,  being  used  only  when  a 
left-hand  thread  is  cut  on  the  piece,  and  when  the  cut-off  tool  is  used 
on  the  front  slide,  leaving  the  heavy  cutting  to  be  performed  from  the 
rear  slide.  In  all  "cross-forming"  work,  it  is  essential  that  the  spin- 
dle be  kept  in  good  condition,  and  that  the  collet  or  chuck  have  a 
parallel  contact  upon  the  bar  which  is  being  formed. 
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OALOULATIONS  FOR  PORMINa  TOOLS 

In  the  making  of  spherical  head  screws  or  other  spherical  work,  the 
circular  form  tool  is  generally  used  for  forming  part  of  the  head,  leav- 
ing the  part  attached  to  the  bar  to  be  finished  by  the  cut-oft  tooL 
This  method  has  become  general  practice  on  the  Brown  &  Sharpe  auto- 
matic screw  machines  and  has  proved,  without  a  doubt,  to  be  the  most 
economical  and  efficient  method  of  performing  operations  of  this 
description.  In  order  to  produce  the  best  results  by  the  above  method, 
the  radius  of  the  cut-oft  tool  should  be  struck  oft  in  "advance"  of  the 
edge  of  the  tool,  as  will  be  described  later;  otherwise  a  result  will  be 
produced  as  shown  at  a,  Fig.  12,  a  ridge  being  formed  on  the  head. 
The  circular  form  tool  should  be  designed  first,  and  should  be  made 
80  that  the  circular  cut-oft  tool  will  have  as  little  as  possible  to  form 
when  cutting  the  piece  from  the  bar.  The  amount  that  the  form  tool 
reduces  the  bar,  as  shown  at  h.  Fig.  12,  is  governed  by  the  operations 
following  the  forming  cut.  If  heavy  cuts  are  taken,  the  part  h  should 
be  strong  enough  to  resist  the  twisting  action  produced;  therefore,  it 
is  not  always  advisable  to  cut  a  thread  (especially  if  it  be  of  coarse 
pitch)  after  the  piece  has  been  considerably  reduced  by  the  form  tooL 

In  designing  the  form  tool,  there  are  certain  dimensions  which  must 
be  derived  by  calculation.    Referring  to  Fig.  10: 

D 
Let  r  =  radius  of  stock  =  — , 

2 

B:=  radius  of  head  of  screw  or  piece, 
I>t  =  distance  from  axis  of  head  to  point  of  tool, 
I>  =  diameter  of  head  of  piece, 
7  =  thickness  of  head, 
rj  =  radius  of  body  of  screw  or  piece, 
0  =  the  dimension  required  to  be  found  by  calculation. 
Then  0=  V  iT  — D,»— (iJ  — r).     ' 

For  example,  let  r  =  0.175  inch,  iJ  =  0.178  inch,  D,  =  0.062  inch, 
Tss  0.156  inch. 
Then  0=^/  0.178*  — 0.062^—  (0.178  —  0.156)  =0.145  inch. 
Assume  further  that  a  form  tool  is  to  be  made  to  form  a  piece  as 
shown  in  Fig.  10;  r:=  0.175  inch;  ri:=0.043  inch;  then  assume  the 
largest  diameter  A  of  the  form  tool  to  be  1.750  inch;  the  diameter  B 
will  then  be: 

A  —  2(D»  — ft)  =  1.750  —  2(0.062  —  0.043)  =  1.712  inch,  and  the 
diameter  C  will  be: 
A  —  2(r  — r^)  =  1.750  —  2(0.175  —  0.043)  =  1.486  inch. 
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In  the  above  calculations  the  "cut-down"  below  the  horizontal  cen- 
ter line  is  not  taken  into  consideration  when  finding  the  various  diani> 
eters,  but  if  the  forms  produced  require  to  be  accurate,  the  differences 
should  be  calculated.  This  question  will  be  treated  further  on  in  this 
chapter. 

The  feed  of  the  circular  cut-off  tool  should  be  decreased  at  the  end 
of  the  cut,  so  as  to  leave  as  small  a  teat  as  possible  on  the  work.  The 
teat  varies  according  to  the  radius  of  the  formed  piece,  the  size  of 
the  piece,  and  the  nature  of  the  material.  It  is,  therefore,  impossible 
to  specify  any  exact  size  of  teat,  but  the  results  of  a  few  experiments 
would  not  be  out  of  place  here,  as  they  will  give  a  fair  idea  of  the 
sizes  of  teats  left  on  various  classes  of  work.  The  teat  left  on  small 
brass  screws  varies  from  0.010   inch  to  0.025   inch  in  diameter;    on 
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Fiff.  10. 


DlAffnun  for  OaloulatlBff  Dlmanalons  of  Olroolar  Tools 
fonxunff  Spherical  Sorew  Heads 


small  screws  made  from  gun-screw  iron  from  0.012- inch  to  0.030  inch; 
on  small  steel  screws  from  0.015  inch  to  0.035  inch.  A  good  method 
of  overcoming  great  variations  in  the  size  of  the  teat,  is  to  make  the 
angle  of  the  cut-off  tool  similar  to  the  enlarged  view  shown  at  &,  Ftg. 
11,  where  the  flat  portion  should  be  half  the  thickness  of  the  cut-off 
tool  blade.  This  method  tends  to  decrease  the  pressure  on  the  piece, 
thus  preventing  it  from  breaking  off  too  soon. 

Afi  previously  stated,  the  radius  on  the  cut-off  tool,  if  not  struck  off 
in  "advance"  of  the  edge  of  the  tool,  will  give  a  result  as  shown  at  a. 
Fig.  12.  There  will  be  a  mark  left  on  the  head  where  the  form  tool 
finishes  cutting,  because  the  screw  breaks  off  from  the  bar  before  the 
point  of  the  tool  has  reached  the  center,  and  consequently  the  correct 
form  on  the  piece  has  not  been  obtained.  It  is  therefore  necessary 
(especially  for  small  radii)  to  use  the  method  termed  "laying  off  the 
radius  in  advance"  of  the  cutting  edge  of  the  tool.  This  method  is 
clearly  shown  in  Fig.  11,  where  d  is  the  distance  the  center  is  in  ad- 
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vance  of  the  point  6t  the  tool.  Then,  to  determine  the  dimensions  of 
the  tool,  take  any  approximate  dimension  D  as  required,  and  also  take 
any  angle  which  will  suit  the  radius  of  the  tool,  and  cut  away  that 
portion  of  the  tool  which  is  not  required  for  forming.  In  order  to 
determine  the  dimension  X  (see  BHg.  11)  it  will  be  necessary  to  make 
the  following  calculations: 

180  deg.— ^ 
A=: 


0  =  90  deg.— ^ 

Then  a  =  rx  cos  </>;  fl"=oxtan  p;  B^=^D  —  H; 
y  =  BXcot  tf;  X  =  y4-fl  — d;  C=^D  —  h\ 
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Flff.  11.    DlAffTMn  for  Dfrmlalng  DlnMiuiloiui  of  Olrovlar  Oai-off  Tool 
whloh  forms  Part  of  »  Sphorloal  Sorow  HmmI 

Where  h  works  out  to  less  than  0.002  inch,  it  can  be  disregarded  for 
all  practical  purposes. 

For  example,  let  D  =  0.2343  inch;  r  =  0.175  inch;  ^  =  45  deg.;  d  = 
0.021  inch. 

180^  — 45* 

Then  A= =67**  30*. 

2 

0  =  9O*»--tf  =  45^ 
/9  =  67*»  30'  — 45^  =  22*  30*. 
a  =  0.175  X  cos  45**  =  0.1237. 
fr=0X  tan  22*  30*  =  0.0512. 
B  =  0.2343  —  0.0512  =  0.1831. 
y  =  0.1831  X  cot  45'  =  0.1831. 
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X  =  0.1831  +  0.1237  —  0.021  =  0.2858. 
;t  =  r  —  >sj  r^  —  d'  =  0.175  —  0.1737  =  0.0013. 
Therefore,  in  this  cajse,  for  all  practical  purposes,  the  dimension  C 
would  equal  the  dimension  D.    When  the  largest  diameter  of  the  cir- 
cular tool  is  2.250  inch,  the  diameter  of  the  tool  at  point  E  will  be 
2.250—  (0.2858  X  2)  =1.6784  inch. 

Angle  on  Blade  for  Cutting-off  Various.  Materials 
The  object  of  the  angle  at  the  point  of  a  cut-oft  tool  (see  angle  a. 
Fig.  13)  is  to  reduce  the  teat  on  the  end  of  the  work  by  minimizing 
the  cutting  pressure  which  becomes  greater  as  the  angle  that  the  tool 
edge  makes  with  the  work  decreases.  Therefore,  as  the  material  be- 
comes harder,  the  angle  on  the  tool  may  decrease,  since  the  material 


Flff.  IS.  Spberloal  Screw  Head 
form«d  by  Oombln«tlon  of  Form- 
ing and  Cttt-off  Tools 


Flff-.  18.  DiAffram  showo 
Izkff  Dlmanslons  of  Olroolar 
Ont-off  Tools 


will  stand  more  pressure  before  breaking.  It  is  obvious,  therefore, 
that  certain  angles  are  better  suited  for  the  various  kinds  of  materials 
than  others.  The  values  given  in  Table  I  have  been  found  to  give 
good  results  on  the  materials  specified. 

Thickness  of  Blade  on  Cut-off  Tools 

The  thickness  of  the  blade  is  an  important  point  In  the  design  of 
circular  cut-off  tools.  It  is  governed  by  the  angle  on  the  edge  of  the 
tool  and  also  by  the  diameter  and  hardness  of  the  material  being  oper- 
ated upon.  It  is  obvious  that  a  circular  tool  with  an  acute  angle 
(about  23  degrees)  and  a  narrow  blade  would  not  work  satisfactorily 
on  hard  material,  as  the  blade  would  not  stand  the  cutting  pressure 
and  would  bend,  producing  a  concave  surface  on  one  end  of  the  piece 
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Tlie  value  of  r  (the  radius  to  obviate  cracking  in  hardening)  for 
standard  circular  cut-oft  tools  for  cutting  oft  various  diameters  of 
stock  is  as  follows: 

Prom  1/8  to  3/8  inch  diameter  =  1/32  inch, 

From  3/8  to  3/4  inch  diameter  =  1/16  inch, 

From  3/4  to  1      inch  diameter  =  3/32  inch. 


Flff.  14.  Diaffram  ahowlnff  Dlman- 
alona  ot  Olroular  Ont-of f  Tool  when  it 
is  ua«d  both  tor  onttlBff*otf  and  torm- 
ina pMTt  of  th«  Work 


Fly.  16.  Ulnatration  showlBff  »  Omm 
wb«r*  »  Out-off  Tool  with  Inor«»««d 
ThiokB«s8  of  BlMl«  la  raqnirad 


The  actual  length  of   the   blade   on   cut-oft  tools   is   found   by   the 
formula: 

I.  =:  12  +  a?  H-rH- 1/32, 
where  L=:  actual  length  of  blade  in  inches, 
B  =  radius  of  stock  in  inches, 
07  =  dimension  as  shown  in  Fig.  13, 

r  =  radius  to  obviate  cracking  while  hardening,  as  shown  in 
Fig.  13. 
For  example,  let  D  =  3/8  inch;  a  =  20  degrees. 


Id  X  cot  a  lo. 

Then  T  =  .J X  0.14  =  J  — 


875  X  2.747 


X  0.14  =  0.082  inch. 
8  N  8 

I,  =  jR4-ajj-r-+- 1/82,  where  jR  =  0.1875;  a?  =  tan  20°  X  0.082  = 
0.864  X  0.082  =  0.0298;  r  =  1/82  inch. 

Therefore,  L  =  0.1875  +  0.0298  -\-  0.0312  +  0.0312  =  0.2797  inch. 

The  thickness  of  the  cut-oft  tool  blade,  and  the  value  of  x  and  2x 
are  tabulated  in  Table  I.  The  above  formula  is  applicable  when  the 
cut-oft  tool  does  not  form  the  stock.  It  will  be  necessary  to  change 
the  formula  somewhat  when  calculating  the  thickness  of  blade  when 
the  tool  is  used  for  partly  forming  the  work,  as  shown  in  Fig.  14. 
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When  the  cut-off  todi  is  used  to  form  the  end  of  the  stock,  as  shown 
at  Flsr.  14,  the  following  formula  is  used  for  finding  the  thickness  of 
the  blade: 


■=J^ 


X  cot  a 


X  0.17. 


in  which  T  =  thickness  of  blade  on  cut-ofT  tool  in  inches, 
!>=:  diameter  of  end  of  piece  In  inches, 
a  =  angle  on  edge  of  tool  blade  (see  Fig.  14). 
the  actual  length  of  the  cut-off  tool  blade  =  R-\-  x  -^  0.005  inch, 
in  which  B  =3  radius  on  end  of  piece  in  inches, 
ar  =  dimension  as  shown  in  Fig.  14. 


REARSUDC 
UaeKintryJJ.Y, 


Ftff.  10.    OlroolAT  Form  Tools  Mid  Holders  ahowlncr  Looetlon  of  0«nt«r 
of  Tool  in  B«l»tion  to  Omufr  of  Pl«o«  belxkff  fox  mod 

The  dimension  0.005  inch  is  the  clearance  to  pass  the  center. 
To  find  the  value  of  x  multiply  T  by  tan  a  as  before. 
For  example,  let  D  =  0.250  inch,  a  =  20  degrees. 


Then  T 


-^^ 


.250  X  oot  *i0" 


X  0.17  =  \J  0.187tf  X  0.17  =  0.068 


I/  =  R  +  ar  +  0.005,  where  R  =  0.125  inch;  x  =  0.063  X  tan  20**  = 
0.023  inch. 

Then  L  =  0.125  +  0.023  +  0.005  =  0.153  in6h. 

In  cases  where  pieces  are  being  made  similar  to  that  shown  in  Fig. 
15,  in  which  the  tapped  hole  a  passes  through  the;^  piece,  the  blade  on 
the  cut-off  tool  should  be  of  sufficient  width  to  remove  the  portion 
taken  up  by  the  chamfer  on  the  tap.  Otherwise,  if  the  blade  is  too 
narrow,  the  hole  h  will  extend  part  way  into  the  next  piece  to  be  made. 
Then,  if  the  drill  had  a  tendency  to  run  eccentric,  the  centering  tool 
would  not  remove  the  eccentric  hole  thus  formed  by  the  drill,  which 
would  result  in  the  drill  running  out  and  finally  in  the  breaking  of 
the  tap  before  many  pieces  would  be  completed. 
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The  amount  of  chamfer  required  on  taps  for  various  pitches  is  as 
follows: 

From  14  to  24  threads 2%  threads. 

From  26  to  32  threads 3      threads. 

From  36  to  48  threads 4      threads. 

From  56  to  80  threads 5      threads. 

When  the  thickness  of  the  blade  as  derived  by  the  formulas  is  not 
equal  to  the  amount  required  for  the  chamfer  on  the  tap,  the  thick- 
ness of  the  blade  must  be  increased. 

Periphery  Clearance 

To  provide  for  sufficient  periphery  clearance  on  circular  tools,  the 
center  of  the  tool  is  located  a  certain  amount  above  or  below  the  cut- 


Flff*  17.    Dttttfram  oho  wing  PrlBoiiMkl  Dlm^natona  of  Oiroular  Form  Tools 

ting  edge,  as  shown  in  Fig.  16.  The  hole  h  in  the  tool  holders  is 
raised  or  lowered,  depending  on  the  position  of  the  tools  and  the  direc- 
tion in  which  the  spindle  is  rotating.  The  block  a  \a  provided  for 
raising  or  lowering  the  hole  in  the  tool  holder.  Raising  or  lowering 
the  cutting  edge  of  the  tool  relative  to  its  center,  changes  the  clear- 
ance angle  A  and  also  changes  the  form  produced  with  the  same  tooL 
Clearance  angles  and  the  relation  of  the  holes  in  the  toolposts  to  the 
center  of  the  spindle  are,  therefore,  points  which  require  careful  con- 
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sideration.  With  a  given  material,  the  larger  the  diameter  of  the 
work,  the  greater  the  clearance  angle  required.  With  the  same  dimen- 
Bion  C  Fig.  16,  a  small  tool  diameter  causes  a  greater  clearance  angle 
than  a  large  diameter.  The  maximum  diameter,  D,  the  cut-down  below 
the  center,  C,  the  width  of  the  cut-off  tool,  W,  and  the  size  of  tapped 
hole,  B,  as  shown  in  Pig.  17,  are  tabulated  in  Table  II,  for  the  various 
sizes  of  Brown  &  Sharpe  automatic  screw  machines. 

Calculating  the  Diameter  of  Circular  Tools 

Locating  the  cutting  edge  of  the  tool  below  the  center  changes  the 
form  produced  on  the  work.  On  account  of  this,  the  actual  difference 
of  diameters  on  the  piece  of  work  cannot  be  used  for  the  measure- 
ments on  the  forming  tool.  If  the  dimension  A,  shown  in  Fig.  17,  on 
the  piece  to  be  formed,  is  transferred  to  the  form  tool  and  then  the 
tool  cut  below  the  horizontal  center  line,  as  shown  at  C,  it  would  make 
the  dimension  A  on  the  piece  greater  than  required.  Therefore,  it  is 
evident  that  a  certain  amount  must  be  subtracted  from  the  dimension 
A  on  the  work  ta  find  dimen£ibn  a  on  the  circular  tool.     A  general 

TABUI II.    DIMBNBION8  BBQUIRBD  FOR  DBBIONINO  PORMINO  TOOLS  FOR 
B.  A  8.  AUTOMATIO  SORB  W  MAOHINBB  (See  Fig.  17  for  Notation  Used) 
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formula  may  be  deduced  by  the  aid  of  geometry,  by  which  the  various 
diameters  on  the  forming  tool  can  be  determined,  when  the  largest  or 
smallest  diameter  of  the  tool,  the  amount  that  the  cutting  edge  is 
below  the  center,  and  the  diameter  on  the  piece  to  be  formed,  are 
known. 
Let  i2  =  largest  radius  of  tool  In  inches, 

A  =  difference  in  radii  of  steps  on  the  work, 
C  =  amount  cutting  edge  is  below  the  center  in  inches, 
r  =  required  radius  in  inches. 
Then: 

r=>/  (V'>  — C™— A)«-f-C*  (1) 

If  the  smaller  radius  r  is  given  and  the  larger  radius  R  is  required, 
the  formula  would  be: 

R  =  's/  (Vr'^=^C^+A)'-f-C«  (2) 

Assume  that  it  is  required  to  make  a  circular  form  tool  to  be  used 
on  the  No.  0  Brown  &  Sharpe  automatic  screw  machine  for  forming 
the  piece  shown  in  the  lower  view  in  Fig.  17,  the  diameters  G  and  H 
to  be  formed  by  the  tool.  By  referring  to  Table  II  it  will  be  seen 
that  the  largest  diameter  should  be  2%  inches,  and  that  the  cutting 
edge  is  5/32  inch  below  the  horizontal  center  line.    Half  the  diameter 
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E,  Fig.  17  (or  radius  r),  is  then  found  from  Formula  (1),  by  insert- 
ing  the  given  values. 

iJ  =  ll/8;  C  =  5/32;  assume  that  A  =  1/8. 

Then  

r  =  V  (l/  (H)*  -  (AT-  \y  +  (A)'  = 

V  (  l/HlF-  i)'  +  dih  =  1.0014  inch. 

The  value  of  r  is  thus  found  to  be  1.0014  inch  and  diameter  E  will 
then  be  2  times  this  or  2.0028  inches  instead  of  2  inches  exactly,  as 
would  have  been  the  case  if  the  cutting  edge  had  been  on  the  center 
line.  The  formula  may  seem  rather  complicated,  but  when  applied  to 
circular  tools  used  on  the  Brown  k  Sharpe  automatic  screw  machines 
it  can  be  simplified  by  inserting  the  values  for  R  and  C,  these  being 
constant  for  each  size  of  machine.  The  formula  would  then  take  the 
following  form: 

No.  00  Brown  k  Sharpe  automatic  screw  machine: 

r  =  \/  (0.866  — A)«H- 0.015«  (3) 

No.  0  Brown  k  Sharpe  automatic  screw  machine: 

r=v/  (1.114— A)«  + 0.0244  (4) 

No.  2  Brown  k  Sharpe  automatic  screw  machine: 

r=x/  (1-479— A)* +  0.0625  (5) 

Top  Rake 

Most  circular  form  tools  are  made  without  top  rake,  that  is,  they 
have  the  cutting  edge  in  a  horizontal  plane  when  cutting,  as  shown 
in  Fig.  17;  tools  made  in  this  manner  are  best  suited  for  cutting 
brass,  but  do  not  work  entirely  satisfactorily  on  tougher  and  harder 
metals,  as  the  chip,  instead  of  being  cut  away,  is  scraped  off,  this 
action  destroying  the  cutting  edge  very  fast.  Form  tools  for  steel 
should,  therefore,  be  provided  with  top  rake,  as  shown  in  Fig.  18.  The 
amount  of  top  rake  that  should  properly  be  used  on  circular  tools  for 
different  materials  varies  from  0  to  18  degrees.  Under  general  condi- 
tions the  following  angles  are  suggested  as  most  suitable: 

Ifaterial  Angle  of  Top  Bain; 


Rod  brass   0 

Drill  rod  and  tool  steel 8  to  10 

Gun-screw  iron    12 

Machine  steel    15 

Norway  iron    18 

When  top  rake  is  ground  on  a  circular  form  tool,  as  shown  in  Fig. 
18,  the  calculations  for  the  diameters  must  be  accordingly  changed.  In 
Fig.  18  the  case  is  shown  exaggerated  in  order  to  be  able  to  show 
clearly  the  various  dimensions  involved.  To  find  the  diameters  of  a 
form  tool  made  in  this  manner,  t>i'oceed  as  follows: 

First  find  radius  R^  which  would  be  the  actual  radius  if  the  tool 
were  merely  cut  down  the  required  amount  C  below  the  center  of  the 
tool,  but  had  no  top  rake.     Then  the  radius  B,  of  the  tool,  required 
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when  top  rake  is  given,  must  be  found.    In  order  to  explain  thts  pro- 
cedure  clearly  we  will  aBsume  a  practical  example.    Let  A  =  1V&  inch, 
0  =  5/32  inch,  D   (see  Fig.  18)=    9/16  inch,  r»  =  5/16  inch.     Then 
A  =  1/8  inch. 
First  find  Rt  by  means  of  Formula  (1)  or  (4): 

le,  =  v^Tl.lir-^^07l25)»  +  0.0244  =  1.00126  inch. 
The  next  step  will  be  to  find  dimension  B: 

BT=\/i2*  —  C*  —  i4  =  1.114  — 0.125  =  0.989  inch. 
The  next  step  is  to  find  dimension  h  and  as  the  tool  is  to  cut  ma- 
chine steel,  angle  $  is  15  degrees. 

Then: 

71  =  A  X  tan  15  deg.  =  %  X  0.26794  =  0.03349. 


Flff.  18.    DtACTAin  for  Oftlcnl*tlB«  Form  Tools  h«Tinff  Top  R«k« 

This  gives  us  the  distance  from  the  center  of  the  work  to  the  point 
where  radius  iJ,  intersects  the  face  of  the  cutting  edge.  Now  R^  may 
be  found: 

Rt=:^B^  -f  (C  +  ^)'  =  l/  0.989«  +  0.18974*  =  1.007  inch. 

Radius  Rt  would  be  a  fairly  approximate  dimension  for  the  tool 
when  the  diameters  of  the  tool  and  work  are  nearly  of  the  same  size, 
and  when  the  angle  0  is  comparatively  small.  As  the  difference  be- 
tween the  diameters  of  the  tool  and  work  increases,  the  diameter  of 
the  work  being  small  in  comparison  with  the  diameter  of  the  tool,  it 
is  necessary  to  find  the  theoretically  correct  radius  R^.  To  do  this  first 
find  r,: 
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r,  =  x/  r>  +  V=  v/(9/32)«  +  0.0335«  =  0.2832  Inch. 
We  have  further  that  a^r^^  —  r,  and  &  =  a  x  cos ^.     Alao  c  =  a  X 
flin  $.    Then  E  =  B-\-  b.    Having  obtained  these  dimensions  we  have: 


ii,=  |/  (c-i-h  —  cy  +  isr. 

Inserting  the  actual  values  In  the  formulas  Just  given,  we  have: 

9 

a  =  0.2832 =  0.00195, 

32 

ft  =  0.00195  X  cos  15'*  =  0.00188, 

c  =  0.00195  X  sin  15 *»  =0.00051, 

E  =  0.989  -I-  0.00188  =  0.99088, 
«,=  V"0J8923"  -h  0.99088="=  1.0088  inch. 

The  found   value  of  R^  Is  the  required   radius  of  the  tool.    This 
radius  is  about  0.0075  inch  greater  than  the  radius  Rt.    The  procedure 


FUr.  19.    Bide  OlMkTAno*  on  OlrcvOar  Tools 

may  appear  difficult  at  first  sight,  but  a  few  examples  in  practice  will 
make  the  user  familiar  with  it. 

While  the  angle  of  top  rake  as  given  is  suitable  for  cutting  the  ma- 
terial specified,  the  distance  C  as  given  in  Table  II  for  the  various 
machines  is  only  suitable  when  cutting  brass  and  drill  rod  and  does 
not  give  sufficient  peripheral  clearance  when  cutting  Norway  iron  and 
soft  machine  steel.  The  arrangement  shown  at  C  in  Fig.  9  should  be 
adopted  when  these  materials  are  cut,  as  the  centers  of  both  the  form 
and  cut-off  tools  can  then  be  raised  as  compared  with  the  usual 
arrangement.  This  raising  of  the  center  is  accomplished  by  putting 
packing  strips  of  the  required  thickness  under  the  tool-holder  blocks. 

Side  Clearance  on  Circular  Tools 
The  question  of  side  clearance  is  a  subject  which  few  authorities 
seem  to  agree  upon.      Some  advocate  a  great  deal  of  side  clearance, 
others  only  a  slight  amount,  and  still  others,  no  clearance  at  all;   in 
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fact,  some  go  as  far  as  to  say  that  a  cut-oft  tool  should  be  about  0.0015 
Inch  narrower  at  the  point  than  at  the  back.  The  greatest  trouble 
with  tools  heating  up  and  welding  is  not  to  be  attributed  to  insuffi. 
cient  side  clearance  only,  but  to  the  quality  of  oil  or  other  cooling 
lubricant  used.  It  has  been  demonstrated  that  if  a  poor  grade  of  oil 
is  used  and  the  tools  made  without  side  clearance,  welding  will  surely 
occur;  but  take  the  same  tools  and  use  a  good  quality  of  lard  oil,  and 
the  tools  will  run  for  days  without  welding.  The  writer  admits  that 
there  are  some  cases  in  which  side  clearance  is  necessary,  but  the 
clearance  should  not  be  given  as  shown  at  a,  Fig.  19,  as  this  is  not 
side  clearance,  but  merely  provision  for  pockets  for  the  fine  chips  to 
lodge  in,  while  the  revolving  stock  forces  the  chips  in  and  also  tries 
to  draw  them  out;  and  when  a  chip  is  drawn  out,  it  leaves  a  rough 
finish'  on  the  end  of  the  piece,  and  sometimes  breaks  the  tool. 


wig,  so.    Out-off  Tool  with  8ld«  Ol— imnco 

When  side  clearance  is  necessary,  and  when  the  width  of  the  slot 
is  not  important,  a  tool  as  shown  in  Fig.  20,  where  each  section  A  of 
the  tool  is  finished  helically  on  each  side,  provides  for  excellent  clear- 
ance. This  tool  is  specially  adapted  for  cutting  vulcanite  or  fiber.  It 
can  also  be  used  to  advantage  in  .cutting  a  very  soft  grade  of  iron. 
All  the  sections  are  ground,  and  ^hen  one  becomes  dull  the  following 
section  is  brought  into  position,  and  so  on,  until  the  tool  requires 
grinding  again.  When  a  tool  is  made  without  side  clearance,  it  should 
be  ground  smooth  on  the  sides,  as  any  high  spots  on  the  face  of  the 
sides  would  cause  heating  and  welding.  •  A  good  grade  of  lard  oil 
should  also  be  used  if  good  results  are  to  be  expected.  When  pieces 
as  shown  at  A,  Fig.  21,  are  being  made,  the  tools  should  be  made  with- 
out side  clearance,  and  the  faces  ground  and  lapped  as  indicated.  The 
form  tool  should  be  made  in  sections  and  straddle  the  thin  portion  of 
the  piece;  it  should  remain  in  position  on  the  work  until  the  angle 
on  the  edge  of  the  cut-off  tool  is  well  into  the  stock  as  shown  at  b. 
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The  conditions  under  which  different  classeg  of  work  are  made  and 
the  kinds  of  materials  used  vary  to  such  an  extent  that  it  is  impos- 
sible to  give  any  definite  rules  for  the  speed  of  the  spindle  or  the  feed 
of  the  tools,  and  whatever  is  said  here  is  only  by  way  of  suggestion. 
The  maximum  speeds  obtainable  on  the  various  Brown  ft  Sharpe  auto- 
matic screw  machines  are  as  follows:     On  the  No.  00  machine  the 
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maximum  spindle  speed  is  2400  R.P.M.  and  the  maximum  diameter  of 
stock  that  can  be  turned  is  5/16  inch;  this  gives  a  maximum  surface 
speed  of  197  feet  per  minute.  On  the  No.  0  machine  the  maximum 
spindle  speed  is  1800  R.P.M.  and  the  maximum  diameter  that  can  be 
turned  is  %  inch,  giving  a  maximum  surface  speed  of  294  feet  per 
minute.  On  the  No.  2  machine,  the  maximum  spindle  speed  is  1200 
R.P.M.  and  the  maximum  diameter  that  can  be  turned  is  %  Inch, 
giving  a  maximum  surface  speed  of  275  feet  per  minute.  It  can  be 
easily  seen  that  the  greatest  surface  speed  (294  feet  per  minute)  la 
rather  high  for  ordinary  carbon  steel  tools  even  when  working  on 
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are  commonly  used  for  cutting-off  purposes)  admit  of  coarser 
feeds,  as  a  rule,  than  either  wider  or  narrower  tools.  Thus  the  feed 
decreases  as  the  tool  decreases  in  thickness  to  1/16  inch,  except  for 
small  diameters,  and  increases  from  3/32  to  3/16  inch.  From  1/4  inch 
up,  the  feed  must  again  be  decreased  to  giTe  satisfstctory  results.  For 
cutting-ofF  purposes  the  feed  Taries  from  0.0008  to  0.0025  inch,  depend- 
ing on  the  nature  of  the  material,  the  surface  speed,  and  the  width  of 
the  tool.  The  feeds  for  machine  steel,  gun-screw  iron  and  Norway  iron 
should  be  less  than  the  feed  used  for  brass.  The  feed  used  in  cutting 
ofF  Shelby  steel  tubing  should  not  exceed  0.001  inch  per  revolution;  a 
surface  speed  as  high  as  125  feet  per  minute  can  be  used  with  good 
results,  when  using  tools  made'  from  Styrian  special  steel. 

Cooling  and  Lubricating-  Mediums 

A  proper  cooling  and  lubricating  medium  is  essential,  if  good  results 
are  to  be  expected.  As  previously  stated,  if  a  proper  cooling  and 
lubricating  medium  is  not  used,  welding  and  excessive  heating  of  th£ 
tools  and  work  will  result.  There  are  various  compounds  on  the 
market,  some  of  them  giving  good  results  on  certain  classes  of  work, 
depending  on  the  conditions  under  which  they  are  used.  Oil  is  used 
to  advantage  in  cutting  internal  and  external  threads,  where  friction 
plays  a  very  important  part,  but  when  cutting  threads  at  high  speeds, 
a  cooling  material  largely  com|>osed  of  water  is  sometimes  used.  Oil 
will  not  conduct  away  the  heat  generated  at  high  cutting  speeds  as 
rapidly  as  some  of  the  special  cooling  compounds,  because  oil  is  more 
sluggish  in  penetrating  to  the  point  of  the  tool,  where  the  chip  is  being 
cut  or  torn  from  the  work.  The  writer  would,  however,  advise  that  a 
good  grade  of  lard  oil  be  used  on  screw  machines  in  preference  to  all 
other  compounds  or  other  poorer  grades  of  screw  cutting  oil  for  the 
following  reasons:  1.  The  speeds  used  are  comparatively  low.  2.  A 
good  supply  can  be  furnished  to  the  cutting  edges  of  the  tools.  3.  Cir- 
cular tools  can  be  used  without  side  clearance  and  yet  give  satisfactory 
results.  4.  Good  lard  oil  does  not  gum  up  the  machines  or  cause  rust- 
ing of  the  operating  parts,  as  would  be  the  case  if  cooling  mediums 
composed  of  water  and  compounds  were  used.  The  lard  oil  used 
should  be  thin  and  not  sluggish. 


Digitized  by  CjOOQ IC 


CHAPTER  IV 


MAKXNG  CIB0X7LAR  FOBMINa  TOOLS 

The  conditions  under  which  the  work  is  produced  should  determine 
the  steel  to  he  used  in  making  the  circular  tools,  i.  e.,  if  the  piece  to  he 
made  is  of  a  very  41flicult  shape,  requiring  sharp  or  thin  projections  on 
the  tool,  a  grade  of  steel  should  he  used  which  would  not  require  a  high 
heat  to  harden,  as  the  fhin  projections  are  liable  to  become  burnt  or 
cracked  while  hardening.  A  brand  of  steel  which  has  been  found  to 
give  good  satisfaction  in  such  cases  is  Bohler's  Gold  Label  Styrian 
steel;  this  steel  holds  a  fine  edge  satisfactorily  and  also  gives  a  very 
smooth  finish  to  the  work;  it  is  especially  adapted  for  cutting  brass. 
Care  should  be  exercised  in  hardening  this  steel,  as  it  hardens  at  a 
very  low  heat.  Various  other  grades  of  special  carbon  and  high-speed 
steel  are  used  on  screw  machines,  among  which  are  the  following: 
Jessops  steel.  Novo  high-speed  steel,  Blue-chip  steel  and  Saben  steel. 
Some  of  these  kinds,  especially  Novo,  give  good  results  when  high  cut- 
ting speeds  and  feeds  are  used.  Novo  steel  is  frequently  used  for 
cutting  machine  steel  and  Norway  iron,  as  it  will  stand  a  higher  speed 
and  a  coarser  feed  than  Styrian  steel,  but  when  a  high  finish  is 
required,  Styrian  steel  should  be  used  in  preference. 

Methods  of  Making  Circular  Tools 

In  designing  circular  tools,  the  methods  of  making  them  should  be 
carefully  considered,  and  when  possible,  the  contour  of  the  tool  should 
be  as  simple  as  the  requirements  will  permit  There  are  various 
methods  employed  in  making  circular  tools  of  irregular  shape,  among 
them  being  the  transfer  scheme,  the  templet  system,  the  use  of  master 
tools,  and  of  individual  turning  tools.  For  work  requiring  a  fair 
amount  of  accuracy,  the  first  two  methods  are  not  reliable.  The  master 
tool  system  is  sometimes  advisable  when  very  difficult  shapes  are  to 
be  produced  and  when  a  large  number  of  tools  of  the  same  shape  are 
required.  The  writer  considers  that  where  a  few  tools  are  required, 
the  individual  turning-tool  method  is  the  cheapest  and  best,  and  that 
direct  measurements  are  more  reliable  than  ellher  the  transfer  scheme 
or  templet  system. 

The  Transfer  Method 

To  illustrate  what  is  meant  by  the  transfer  scheme,  refer  to  Fig.  23; 
here  a  circular  tool  and  setting  gage  are  shown  on  the  arbor  A.  The 
steps  1,  2,  3,  4,  on  the  setting  gage  correspond  with  the  various  diam- 
eters  required  on  the  circular  tool  The  setting  gage  is  turned  to 
micrometer  measurements,  and  then  copper  plated  with  blue  vitriol. 
To  transfer  the  sizes  from  the  setting  gage  to  the  circular  tool,  the 
master  tools  for  the  various  shapes  are  brought  in  until  they  touch  the 
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•etting  gage,  and  the  reading  on  the  micrometer  collar  on  the  feed- 
screw is  noted.  The  master  tool  is  then  brought  into  position  on  the 
circular  tool  and  fed  in  the  depth  required,  as  indicated  on  the 
micrometer  collar.  The  succeeding  operations  are  continued  in  like 
manner  until  the  desired  shape  on  the  tool  is  obtained.  As  previously 
stated,  where  a  fair  amount  of  accuracy  is  required,  this  scheme  is 
not  advisable,  for  the  reason  that  if  the  feed-screw  or  slide  has  any 
lost  motion,  as  is  generally  the  case,  the  same  pressure  could  not  be 
brought  to  bear  on  the  gage,  when  setting  the  master  tqol,  as  would 
be  exerted  on  the  circular  tool  when  cutting  to  the  indicated  depth; 
then  the  circular  tool  would  be  larger  in  diameter  than  the  setting 
gage. 

Templets 

Some  authorities  advocate  making  templets  which  conform  to  the 
contour  of  the  piece  to  be  made.  Considerable  skill  is  required  to  file 
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complicated  templets  accurately,  as  any  error  which  might  occur  would 
be  doubled  in  the  diameters  of  the  product.  It  is  Just  as  easy  to 
measure  a  circular  tool,  as  it  is  to  measure  a  templet,  and  in  the  first 
case  the  error  would  be  less,  as  the  measurement  does  not  require  to 
be  transferred.  The  writer  considers  that  when  accurate  tools  are 
required,  templets  should  be  avoided  and  direct  measurements  used 
instead. 

Master  Tools 
Master  tools  are  unnecessary,  unless  a  large  number  of  circular  tools 
of  the  same  shape  are  required.  When  master  tools  are  being  made, 
the  differences  in  diameters  due  to  the  cutting  down  below  center 
should  be  calculated,  and  the  tool  made  so  that  it  can  be  set  on  the 
center  of  the  work  when  cutting  the  circular  form  tool,  instead  of 
setting  the  master  tool  below  the  center  the  required  amount,  as  is 
advocated  by  some  authorities.  It  is  bad  practice  to  set  the  edge  of  a 
tool  much  below  the  center  of  the  work,  as  it  produces  chattering,  and 
the  material  is  removed  by  a  scraping  action  instead  of  being  cut    In 
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the  majority  of  cases,  it  is  preferable  to  make  a  circular  master  tool 
rather  than  a  dove-tall  tool,  as  the  former  is  more  easily  measared 
and  made. 

Individual  Turning-  Tools 

The  Individual  turning  tool  method,  in  conjunction  with  direct  meas- 
urements, is  preferable  to  all  others,  when  only  a  small  number  of 
similar-shaped  tools  are  required.  In  Fig.  24  is  shown  a  tool-holder  A 
and  tool  B  for  forming  the  radii  for  oval  head  screws  and  other  shapes 
of  a  similar 'character,  special  tools  being  inserted  in  the  tool  holder 
A,  as  required.  When  using  this  tool  for  forming  circular  cut-ofF  tools, 
as  shown  in  Fig.  11,  the  distance  a  is  set  equal  to  the  radius  of  the 
tools  B,  minus  the  amount  that  the  center  is  ahead  of  the  edge  of  the 
circular  tool.     The  radius  of  the  tool  B  is,  of  course,  made  equal  to 
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the  radius  required  on  the  circular  tool.    The  operating  parts  of  this 
tool  holder  are  clearly  illustrated  in  Fig.  24. 

The  operations  for  making  a  circular  tool  for  a  round-head  screw 
are  shown  at  A,  B,  (7,  and  D,  Fig.  25.  The  first  operation  A  consists 
in  taking  a  cut  (about  0.005  inch)  partly  across  the  circumference, 
making  the  distance,  a  equal  to  the  dimension  D,  shown  in  Fig.  11. 
Then  a  light  cut  is  taken  along  the  side  as  at  B,  making  the  distance 
b  equal  to  the  dimension  X.  The  tool  shown  in  Fig.  24  is  then  set 
square  with  the  face-plate  or  at  right  angles  to  the  centers,  and  the 
tool  fed  in  until  the  gage  C  touches  the  largest  diameter  of  the  tool, 
leaving  the  shape  of  the  tool  as  shown  at  C,  Fig.  25.  A  square  nose 
tool  is  then  set  tangentially  to  the  radius,  forming  the  angle  $,  as 
shown  in  Fig.  11.  This  square  nose  tool  removes  the  material  left 
after  the  operation  at  C,  Fig.  25,  and  leaves  the  tool  as  shown  at  D. 
The  individual  turning  tools'  used  are  concave  tools,  round  or  convex 
tools,  square  nose  tools,  and  parting  tools. 

Measuring-  Difficult  Shapes 
When  making  circular  tools  of  irregular  contour,  shapes  difficult  to 
measure   are   sometimes   encountered.     There   are   various   tools   and 
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methods  employed  for  this.  An  appliance  to  be  used  in  connection 
with  a  micrometer  for  measuring  deep  slots  and  grooves  is  shown  in 
Fig.  26.  The  special  measuring  pieces  A  -are  fitted  to  the  anvil  and 
spindle  of  the  micrometer,  and  when  the  measurement  is  taken,  the 
distances  B  are  subtracted,  giving  the  actual  diameter  of  the  tool.  The 
pieces  A  can  be  made  so  that  tools  of  very  difficult  shapes  can  be 
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measured  with  accuracy.  When  a  form  tool  straddles  a  piece,  the 
sharp  corners  produced  by  the  tool  rubbing  against  the  sides  are  fre- 
quently objectionable  and  require*to  be  removed.  A  form  tool  similar 
to  that  shown  in  Fig.  22  is  sometimes  used  for  this  purpose.  Making 
a  tool  of  this  description  produces  a  form  difficult  to  measure  accu- 


Flff.  fl0.    Micrometer  Arrttnared  for  Meesorlnff  Form  Tools 
of  Dlfflonlt  GMiapM 

rately,  but  by  adopting  the  wire  method,  the  measuring  of  the  tool  is 
somewhat  simplified.    In  Fig.  22, 

Let  D  =  the  largest  diameter  of  the  tool, 

a  =  distance  from  outer  edge  of  largest  diameter  of  tool  to  bot- 
tom of  chamfer,  on  the  piece, 
M?  =  the  width  of  piece  to  be  chamfered,  . 
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^  =  angle  that  chamfer  makes  with  vertical  line  of  tool, 
h  =  distance  from  bottom  of  chamfer  to  apex  or  root  of  triangle, 
C  =  the  root  diameter  of  tool, 
jB  =  the  radius  of  wirC 

.u4  =  distance  from  center  of  wire  to  apex  or  root  of  triangle, 
^  =  the  diameter  over  wires. 


Then  6  =  —  X  cot  0;  C  =  D  — 2  (a  +  h) 
2 

R 

A  = ;   B=:A  +  R;  E  =  C-\-2B. 

sin0 

The  dimension  E  can  be  calculated  when  the  tool  is  designed,  and 
put  on  the  drawing,  also  giving  tke  size  of ^  wire  to  be  used.   When  the 

wires  are  below  the  part  e,  the  pieces  A 
shown  in  Fig.  26  can  be  used  for  finding 
dimension  E. 

As  an  interesting  example  of  the 
making  of  forming  tools,  the  following 
case  of  making  forming  tools  for  form- 
ing the  outside  angular  surfaces  of 
small  bevel  gears  on  automatic  screw 
machines  may  be  cited.  The  forming 
tool  can  best  be  made  as  shown  in  Fig. 
27.  It  consists  of  two  sections  A  and  B, 
doweled  together.  Two  fillister  head 
screws,  not  shown  in  the  illustration, 
are  also  used  for  clamping  the  sections 
together.  When  grinding  the  two  sec- 
tions, a  slight  clearance  of  about  0.002 
inch  is  allowed  between  the  parallel 
faces  at  b;  then,  when  the  tool  is  fast- 
ened in  the  tool-holder,  the  clamping 
screw  will  entirely  close  up  any  space 
at  point  a.  When  grinding  the  inside 
face  c  of  section  B,  the  angle  should  be 
somewhat  less  than  the  corresponding 
angle  on  part  A,  so  that  the  sections  will 
fit  very  tightly  at  a.  The  angular  sur- 
face at  d  takes  a  roughing  cut  on  the 
next  piece.  The  face  of  the  section  A, 
when  cut  down  below  the  center,  would 
rig.  2r7.  Forming  Tool  tor  theoretically    be    slightly    concave,    but 

Bevel  aear  BlankB  ^^^     amOUUt     WOUld     be     SO     Slight     that 

it  would  be  imperceptible,  and  of  no  account  in  practice.  When  an 
absolutely  true  taper  is  required,  a  circular  forming  tool  cut  down 
below  the  center  should  not  be  used,  but  instead  a  taper  turning  box 
tool  or  a  taper  turning  attachment,  operated  from  the  cross-slide.  A 
so-called  dove-tail  forming  tool  is  also  sometimes  found  convenient. 
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CALCULATION  OP  CIRCULAR  FORMING  TOOLS 

When  a  large  number  of  circular  forming  tools  are  to  be  designed, 
it  involves  a  great  deal  of  labor  to  compute  the  different  diameters 
separately.    The  usual  method  is  as  follows  (see  Fig.  28) : 


Flff.  SB.    Notation  ns«d  In  Formulas  for  Foitnlnff  Tool  Oalonlations 

First  find  the  value  of  W  in  the  right-angle  triangle  BCD: 

W  =  sJ  R^'  —  h' 
in  which 
R  =:  radius  of  largest  diameter  of  circular  tool, 
/i  =  distance  which  the  center  of  the  tool  is  set  either  above  or 

below  the  center  line  of  the  work. 
Now,  find  the  value  of  r  in  the  right-angled  triangle  ACD: 

**=>/  {W  —  cy  +  h^ 
in  which 
c  =  one-half  the  difference  between  the  required  diameters  of  the 

work, 
r  =  the  required  radius  of  the  circular  tool. 
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This  method  is  quite  long  and  dannot  be  materially  shortened  by 
using  a  table  of  squares.  Therefore,  anything  that  can  be  done  to  aid 
in  computing  the  difPerent  diameters  of  circular  forming  tools  will  no 
doubt  be  appreciated.  The  purpose  of  this  chapter  is  to  show  how  to 
compute  tables  giving  the  diameters  of  circular  tools  corresponding  to 


Flff.  flO.    Notation  used  in  PonAulMi  for  Oalonlatlnff  Table  T7 

differences  of  one-thousandth  inch  in  the  radius  of  the  work.      Such 
tables  are  given  on  pages  34  to  37,  inclusive. 

In  Table  II,  Chapter  II,  are  given  the  dimensions  required  for  de- 
signing circular  forming  tools  for  Brown  &  Sharpe  automatic  screw 
machines.  (See  Fig.  17  for  notation  used.)  For  the  purpose  of  illus- 
tration, a  table  of  diameters  for  circular  forming  tools  for  the  No.  2 

TABLB  rv.  VALUBS  OP  r  FOB  DIFPBRBNT  VALUBS  OF  n 


n 

r 

Difference 
between 

Radii 
for  n  =  60 

Correspond- 

ing 
Difference 
forn=l 

2r 

DouUe 

Difference 

(n-1) 

0 
50 
100 
150 
200 
250 
800 
850 
400 
450 
500 

1.500000 
1.450728 
1.401498 
1.852829 
1.808224 
1.254189 
1.205284 
1.156868 
1.107608 
1.058958 
1.010486 

0.049277 
0.049225 
0.049169 
0.049105 
0.049085 
0.048955 
0.048866 
0.048766 
0.04S650 
0.048517 

0.0009855 
0.0009845 
0.0009884 
0.0009821 
0.0009807 
0.0009791 
0.0009778 
0.0009758 
0.00097«0 
0.0009708 

8.000000 
2.901446 
2.802996 
2.704658 
2.606448 
2.508278 
2.400468 
2.812786 
2.215206 
2.117906 
2.020872 

0.001971 
0.001969 
0.001967 
0.001964 
0.001961 
0.001958 
0.001955 
0.001951 
0.001946 
0.001941. 

machine  will  be  computed.     The  method  can  be  applied  universally, 
however,  provided  the  tools  have  no  top  rake.    The  conditions  of  the 
problem  are  shown  diagrammatically  in  Fig.  29.    The  notation  is  the 
same  as  that  used  in  Fig.  2S. 
Let  * 

n  =  the  numbers  1,  2,  3,  4,  etc.,  successively, 

c  =  0.001  n. 
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TABT.V  V.    OALOXTULTINa  OIBOUULB  FORMIKa  TOOLS 

NumlMrofB.AS.Anto.Ser«w        I 

Naiii|MrofB.^S.Aoto.Scmr         | 

hoksth  e 

Haehina 

Lrafftho 

on  . 
Tool 

T% 

No.  00 

No.0 

NO.S 

No.  00 

No.0 

No^l 

0.001 

1.7480 

2.2480 

2.9980 

0.051 

1.6491 

2.1490 

8.8905 

0.002 

1.7460 

2.2460 

2.9961 

0.052 

1,6471 

2.1470 

2.8975 

0.008 

1.7441 

2.2441 

2.9941 

0.058 

1.6452 

2.1451 

2.8955 

0.004 

1.17421 

2.2421 

2.9921 

0.054 

1.6482 

2.1481 

2.8986 

0.005 

1.7401 

2.2401 

2.9901 

0.055 

1.6412 

2.1411 

2.8916 

0.006 

1.7881 

2.2881. 

2.9882 

0.056 

1.6892 

2.1891 

2.8696 

0.007 

1.7362 

2.2861 

2.9862 

0.057 

1.6878 

2.1872 

2.8877 

0.008 

1.7849 

2.2841 

2.9842 

0.058 

1.6858 

2.1852 

2.8857 

0.009 

1.7822 

2.2821 

2.9828 

0.059 

1.6888 

2.1882 

2.8887 

0.010 

1.7802 

2.2802 

2.9808 

0.060 

1.6818 

2.1812 

2.8818 

O.Oll 

1.7282 

2.2282 

2.9788 

0.061 

1.6294 

2.1298 

2.8796 

0.012 

1.7268 

2.2262 

2.9768 

0.062 

1.6274 

2.1278 

2.8778 

0.018 

1.7248 

2.2248 

2.9744 

0.^ 

1.6264 

2.1268 

2.8768 

0.014 

1.7228 

2.2222 

2.9724 

1.6254 

2.1258 

2.8759 

0.015 

1.7208 

2.2208 

2.9704 

0.064 

1.6284 

2.1288 

2.8789 

iV 

1.7191 

2.2191 

2.9692 

0.066 

1.6215 

2.1218 

2.8719 

0.016 

1.7184 

2.2188 

2.9685 

0.066 

1.6195 

2.1194 

2.8699 

0.017 

1.7164 

2.2168 

2.9665 

0.067 

1.6175 

2.1174 

2.8680 

0.018 

1.7144 

2.2148 

2.9645 

0.068 

1.6155 

2.1154 

2.8660 

0.019 

1.7124 

2.2128 

2.9626 

0.069 

1.6186 

2.1134 

2.8640 

0.020 

1.7104 

2.2004 

2.9606 

0.070 

1.6116 

2.1115 

2.8621 

0.021 

1.7085 

2.2084 

2.9586 

0.071 

1.6096 

2.1095 

2.8601 

0.022 

1.7066 

2.2064 

2.9566 

0.072 

1.6076 

2.1075 

2.8581 

0,028 

1.7045 

2.2045 

2.9547 

0.078 

1.6057 

2.1055 

2.8561 

0.024 

1.7025 

2.2025 

2.9527 

0.074 

1.6087 

2.1085 

2.8548 

0.025 

1.7005 

2.2005 

2.9507 

0.075 

1.6017 

2.1016 

8.8088 

0.026 

1.6986 

2.1985 

2.9488 

0.076 

1.5097 

2.0996 

2.8508 

0.027 

1.6966 

2.1965 

2.9468 

0.077 

1.5978 

2.0976 

2JB483 

0.028 

1.6946 

2.1945 

2.9448 

0.078 

1.5958 

2.0956 

2.8468 

0.029 

1.6926. 

2.1925 

2.9428 

o.'db 

1.5955 

2.0954 

8.8461 

0.080 

1.6907 

2.1906 

2.9409 

1.5988 

2.0987 

8.8448 

0.081 

1.6887 

2.1886 

2.9889 

0.080 

1.5918 

2.0917 

8.8484 

0.0^2 

1.6882 

2.1881 

2.9884 

0.081 

1.5899 

2.0897 

8.8404 

1.6867 

2.1866 

2.9869 

0.082 

1.5879 

2.0877 

8.8884 

0.088 

1.6847 

2.1847 

2.9850 

0.088 

1.5859 

2.0857 

8.8865 

0.084 

1.6827 

2.1827 

2.9880 

0.084 

1.5889 

2.0688 

8.8845 

0.035 

1.6808 

2.1807 

2.9810 

0.086 

1.5820 

2.0818 

8.8825 

0.086 

1.6788 

2.1787 

2.9290 

0.086 

1.5800 

2.0796 

8.8306 

0.087 

1.6768 

2.1767 

2.9271 

0.087 

1.5780 

2.0778 

8.8286 

0.038 

1.674a 

2.1747 

2.9251 

0.088 

1.5760 

2.0759 

8.8266 

0.089 

1.6729 

2.1727 

2.9281 

0.089 

1.6740 

2.0789 

8.8247 

0.040 

1.6709 

2.1708 

2.9211 

0.090 

1.5721 

2.0719 

8.8287 

0.041 

1.6689 

2.1688 

2.9192 

0.091 

1.5701 

2.0609 

8.8207 

0.042 

1.6669 

2.1668 

2.9172 

0.092 

1.5681 

2.0679 

8.8187 

0.048 

1.6649 

2.1649 

2.9152 

0.098 

1.6661 

2.0660 

8.8168 

0  044 

1.6680 

2.1629 

2.9188 

0.^4 

1.6647 

2.0645 

8.8168 

0.045 

1.6610 

2^.1609 

2.9118 

1.6642 

2.0640 

8.8148 

0.046 

1.6590 

2.1689 

2.9093 

0.095 

1.5622 

2.0620 

8.8128 

,v 

1.6578 

2.1572 

2.9076 

0.096 

1.6602 

2.0600 

8.8109 

0.'047 

1.6670 

2.1569 

2.9078 

0.097 

1.6682 

2.0581 

8.8069 

0.048 

1.6560 

2.1549 

2.9054 

0.098 

1.5568 

2.0661 

8.8069 

0.049 

1.6581 

2.1529 
S.1510 

2.9084. 

0.099 

1.5548 

2.0541 

8.8060 

0.060 

1.6511 

2.9014 

0.100 

1.5528 

2.0921 

8.8080 
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TABUi  YI.    GAIXnTIiATINO  OIBOULAB  FOBBCma  TOOLS 

Kiunb«rt»f  B.  A  S.  Auto.  Screw 

NiimlMrofB.&S.AaU).Ser«w        1 

SMtbc 

JfMhiiM  , 

Lenffthe 

M^h«TW 

on 
Tool 

on    ^ 
Tool 

No.  00 

No.0 

No.  2 

No.oa 

No.0 

Now! 

0.100 

1.5528 

9.0591 

9.8080 

0.151 

1.4517 

1.9514 

2.7097 

0.101 

1.6508 

9.0509 

9.8010 

0.159 

1.4498 

1.9494 

2.7007 

O.102 

1.5484 

9.0482 
9.0i69 

2.7991 

0.153 

1.4478 

1.9474 

2.6988 

0.103 

1.5464 

2.7971 

0.154 

1.4458 

1.9455 

2.696d 

0.104 

t.6444 

9.0449 

2.7951 

0.155 

1.4489 

1.9485 

9.6948 

0.105 

1.5495 

9.0499 

2.7982 

0.156 

1.4419 

1.9415 

.2.6929 

0.106 

1.5405 

9.0408 

2.7912 

0.*57 

1.4414 

1.9410 

2.6924 

0.107 

1.5885 

9.0888 

2.7892 

1.4899 

1.9395 

2.6909 

.0.108 

1.5866 

9.0868 

2.7873 

0.168 

l.jl880 

1.9376 

2.6889 

0.109 

1.5846 

9.0848 

2.7853 

0.159 

1.4860 

1.9856 

9.6870 

O.tlO 

1.5888 

9.0886 

9.7846 

0.160 

1.4840 

1.9886 

2.6850 

1.5826 

3.0324 

9.7833 

0.161 

1.4321 

1.9817 

2.6880 

0.111 

1.5306 

2.0304 

2;7814 

0.162 

K4801 

1.9297 

2.6811 

0.112 

1.59S7 

%.{m^ 

2.7794 

0.163 

1.4281 

1.9277 

2.6791 

0.118 

1.5267 

2.02M 

'2.7774 

0.164 

1.4262 

1.9257 
1.9^88 

9.6772 

0.114 

1.5247 

a. 0345 

2.7755 

0.165 

1.4242 

2.6759 

0.115 

1.6297 

2.0335 

2.7785 

0.166 

1.4222 

1.9218 

9.6789 

0.116 

1.5908 

2.0^5 

2.7715 

0.167 

1.4203 

1.9198 

9.6718 

0.117 

1.5188 

a.ou^fl 

2.7696 

0.168 

1.4188 

1.9178 

2.6698 

0.118 

1.5168 

2.0iC6 

9.7676 

0.169 

1.4163 

1.9159 

2.6673 

0.119 

1.5148 

2.0140 

2r.7656 

0.170 

1.4144 

1.9r89 

2.0654 

0.190 

1.5190 

2.0126 

2.7687- 

0.171 

1.4124 

1.9119 

9.6684 

0.191 

1.5109 

2.0106 

2.7617 

o.\^ 

1.4107 

1.9108 

9.6617 

0.199 

1.5089 

2.0087 

2.7597 

1.4104 

1.9099 

2.6614 

0.198 

1.5070 

2.0067 

9.7578 

0.178 

1.4084 

1.9080 

2.6595 

0.194 

1.5050 

2.0047 

2.7558 

0.174 

1.4065 

1.9060 

2,6575 

0.195 

1.5080 

2.0027 

2.7588 

0.175 

1.4045 

1;9040 

2.6556 

0.196 

1.6010 

2.0008 

2.7519 

0.176 

1.4025 

1.9021 

2.6586 

0.197 

1.4091 

1.9988 

2.7499 

0.177 

1.4006 

1.9001 

2.6516 

0.128 

1.4971 

1.9968 

2.7479 

0.178 

1.8986 

1.8981 

2.6407 

0.199 

1.4951 

1.9948 

9.7460 

0.179 

1.8966 

1.8961 

2.6477 

0.180 

1.4989 

1.9999 

9.7440 

0.180 

1.8947 

1.8949 

9.6457 

0.181 

1.4919 

1.9909 

2.7420 

0.181 

1.8927 

1.8922 

2.6488 

0.189 

1.4899 

1.0889 

.2.7401 

0.182 

1.8907 

1.8902 

2.6418 

0.188 

1.4879 

1.9869 

2.7881 

0.188 

1.8888 

1.8883 

2.6898 

0.184 

1.4853 

1.9860 

2.7861 

0.184 

1.8868 

1.8868 

2.6879 

0.183 

1.4888 

1.9880 

2.7342 

0.185 

1.8848 

1:8848 

2.6859 

0.186 

1.4818 

1.9810 

2.7322 

0.186 

1.8829 

1.8828 

2.6839 

0.187 

1.4794 

1.0790 

2.7802 

0.187 

1.8809 

1.8804 

2.6820 

0.188 

1.4774 

1.0771 

2.7282 

0.^88 

1.8799 

1.8794 

2.6810 

0.189 

1.4754 

1.9751 

9.7268 

1.3789 

1.8784 

9.6800 

0.140 

1.4784 

1.9781 

2.7243 

0.189 

1.8770 

1.8764 

2.6281 

A 

1.4723 

1.9719 

•2.7231 

0.190 

1.8750 

1.8744 

2.6961 

0.141 

1.4715 

1.9711 

2.7224 

0.191 

1.8780 

1.8725 

2.6241 

0.149 

1.4695 

1.9699 

2.7204 

0.199 

1.8711 

1.8705 

2.6229 

0.148 

1.4675 

1.9672 

2.7184 

0.198 

1.8691 

1.8685 

2.6202 

0.144 

1.4655 

1.9652 

2.7165 

0.194 

1.8671 

1.8665 

2.6189 

0.145 

1.4686 

1.9689. 

9.7145 

0.195 

1.8652 

1.8646 

2.6168 

0.146 

1.4616 

1.9613 

9.7125 

0.196 

1.8682 

1.8626 

2.6148 

0.147 

1.4596 

1.9598  1 

2.7100 

0.197 

1.8619 

1.8606 

2.6128 

0.148 

1.4577 

1.9578 

2.7086 

.0.198 

1.8599 

1.8587 

2.6104 

0.149 

1.4557 

1.9553. 

2.7066 

0.199 

1.8578 

1.8567 

2.6084 

0.160 

1.4587 

1.9584 

9.7047 

0.200 

1.8658 

1.8547 

2.6064 
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No,  loi— SCREW  MACHINE  PRACTICE 


TABLB  Vn.    OAIjOUULTINO  OIBOUZ.AR  FORMINa  TOOLS 


ll^«fB.AS. 

No.ofB.AS. 

"ts^^ 

llaebtM 

"S^^ 

MftphlTW 

"S^^ 

m 

■{?!&« 

MolS 

N<».0 

MO.S 

N0.O 

No.  2 

0.201 

1.8527 

2.6045 

0.251 

1.7548 

2.5064 

0.801 

2.4085 

0.851 

8.8108 

0.202 

1.8508 

2.6025 

0.262 

1.7528 

2.6045 

0.802 

2.4066 

0.852 

8.8088 

0.208 

1.8488 

2.6006 

0.258 

1.7508 

2.5025 

0.808 

2.4046 

^.858 

8.8oea 

0.^ 

1.8486 

2.6008 

0.254 

1.7484 

2.5006 

0.804 

2.4026 

0.854 

8.8049 

1.8468 

2.5986 

0.255 

1.7464 

2.4986 

0.805 

2.4007 

0.855 

8.8030 

0.205 

1.8440 

2.5966 

0.256 

1.7444 

2.4966 

0.806 

2.8967 

0.866 

8.8010 

0.206 

1.8429 

2.5947 

0.257 

1.7425 

2.4947 

0,807 

2.8968 

0.857 

8.8901 

0.207 

1.8409 

2.5927 

0.258 

1.7405 

2.4927 

0.808 

2.8948 

0.858 

8.8071 

0.208 

1.8890 

2. -5008 

0.259 

1.7885 

2.4908 

0.809 

2i8929 

0.859 

8.8968 

0.209 

1.8870 

2.5888 

0.260 

1.7866 

2.4888 

0.810 

2.8909 

0% 

8.8M5 

D.210 

1.8850 

2.5868 

0.261 

1.7846 

2.4868 

0.811 

2.8890 

8.8988 

0.2U 

1.8880 

2.5849 

0.262 

1.7826 

2.4849 

0.812 

2.8870 

0.861 

8.8913 

0.212 

1.8811 

2.5829 

0.268 

1.7806 

2.4829 

0.tl8 

2.8860 

0.862 

8.8893 

0.218 

1.8291 

2.6809 

0.264 

1.7287 

2.4810 

2.8861 

0.868 

2.2874 

0.214 

1.8271 

2.5790 

0.266 

1.7267 

2.4790 

0.814 

2.8881 

0.864 

8.2854 

0.215 

1.8252 

2.5770 

o.Uo 

1.7255 

2.4778 

0.815 

2.8811 

0.866 

8.888S 

0.216 

1.8282 

2.5751 

1.7248 

2.4770 

0.816 

2.8792 

0.866 

8.8815 

0.217 

1.8212 

2.5781 

0.267 

1.7228 

2.4751 

0.817 

2.8772 

0.867 

2.2798 

0.218 

1,8198 

2.5711 

0.268 

1.7208 

2.4781 

0.818 

2.8758 

0.868 

8.8778 

O.tlO 

1«.8178 

2.5697 

0.269 

1.7189 

2.4712 

0.819 

2.8788 

0.869 

2.2757 

1.8178 

2.5692 

0.270 

1.7169 

2.4692 

0.820 

2.8714 

0.870 

2.8787 

0.220 

1.8158 

2.5672 

0.271 

1.7149 

2.4678 

0.821 

2.8694 

0.871 

2.8718 

0.221 

1.8188 

2.5658 

0.272 

1.7180 

2.4668 

0.822 

2.8675 

0.872 

2.8898 

0.222 

l.blU 

2.5688 

0.278 

1.7110 

2.4688 

0.828 

2.8656 

0.878 

2.8878 
8.8859 

0.228 

1.8094 

2.5618 

0.274 

1.7000 

2.4614 

0.824 

2.8686 

0.874 

0.224 

1.8074 

2.5594 

0.275 

1.7071 

2.4594 

0.825 

2.8616 

0.875 

8.8640 

0.225 

1.8055 

2.5574 

0.276 

1.7051 

2.4575 

0.826 

2.8596 

0.876 

2.8620 

0.226 

1.8035 

2,5555 

0.277 

1.7081 

2.4555 

0.827 

2.8577 

0.877 

2.8601 

0.227 

1.8015 

-2.5585 

0.278 

1.7012 

2.4585 

0.828 

2.8557 

0.878 

8.8581 

0.228 

1.7996 

2.5515 

0.279 

1.6992 

2.4516 

0.^9' 

2.8666 

0.879 

2.2562 

0.229 

1.7976 

2;  5496 

0.280 

.1.6972 

2.4496 

2.8588 

0.880 

2.2548 

0.280 

1.7956 

2.5476 

0.281 

1.6958. 

2.4477 

0.880 

2.8618 

0.881 

2.2528 

0.281 

1.7986 

2.5456 

0.^ 

1.6948 

2.4472 

0.881 

2.8499 

0.882 

2.8508 

0.282 

1.7917 

2.5487 

1.6988 

2.4457 

0.882 

2.8479 

0.888 

2.8484 

0.288 

1.7897 

2.5417 

0.288 

1.6918 

2.4488 

0.888 

2.8460 

0.884 

2.8464 

0.284 

1.7877 

2.5898 

0.284 

1.6894 

2.4418 

0.884 

2.8440 

0.885 

2.8445 

O.II5 

1.7870 

2.6890 

0.285 

1.6874 

2.4898 

0.886 

2.8421 

0.886 

8.8425 

1.7858 

2.5878 

0.286 

1.6854 

2.4878 

0.886 

2.8401 

0.887 

8.8406 

0.286 

1.7888 

2.5858 

0.287 

1.6885 

2.4859 

0.887 

2.8881 

0.888 

8.8886 

0.287 

1.7818 

2.5889 

0.2S8 

1.6815 

2.4840 

0.888 

2.8862 

0.889 

8.8887 

0.288 

1.7799 

2.5819 

0.289 

1.6795 

2.4820 

0.889 

2.8842 

0.890 

2.8847 

0.289 

1.7779 

2.5800 

0.290 

1.6776 

2.4800 

0.840 

2.8828 

O.Ul 

2.8885 

0.240 

1.7769 

2.5280 

0.291 

1.6756 

2.4281 

0.841 

2.8808 

8.2828 

9.241 

1.7789 

2.5260 

0.202 

1.6786 

2.4261 

0.842 

;d;8284 

0.892 

8.8808 

0.242 

1.7720 

^.5241 

0.298 

1.6717 

2.4242 

0.848 

2.8264 

0.898 

2.8289 

0.248 

i;7700 

2.5221 

0.294 

1.6697 

2.4222 

0& 

2.8260 

0.804 

2.8869 

0.244 

1.7680 

2.5201 

0.295 

1.6677 

2.4208 

2.8246 

0.496 

2.8850 

0.245 

1.7661 

2.5182 

0.296 

1.6658 

2.4188 

0.845 

2.8225 

0.896 

8.8280 

0.246 

1.7641 

2.5162 

oIt 

1.6641 

2.4166 

0.846 

2.8206 

0.897 

8.8811 

0.247 

1.7621 

2.5148 

1.6688 

2.4168 

0.847 

2.8186 

0.898 

8.8191 

0.248 

1.7602 

2.5128 

0.298 

1.6618 

2.4144 

0.848 

2.8166 

0.899 

8.8178 

0.249 

1.7582 

2.5104 

0.299 

1.6599 

2.4124 

0.849 

2.8147 

0.400 

8.2158 

0.250 

1.7562 

2.5084 

0.800 

1.6579 

2.4105 

0.850 

2.8127 

0.401 

8JU8t 
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TAJBUM  Vm.    OALOUULTIKO  OXBOULAB  PORMINO  TOOU9 


L«iirthc 
onTbol 


0.402 
0.408 
0.404 
0.406 
0.406 

0.407 
0.408 
0.409 
0.410 
0.411 
0.41d 
0.418 
0.414 
0.415 
0.416 
0.417 
0.418 
0.419 
0.420 
0.421 

u 


No.  2 
B.AS. 


2.2118 
2  2094 
2.2074 
2.2055 
2.2085 
2.2080 
2.2016 
2.1906 
2.1977 
2.1957 
2.1988 
2.1919 
2.1899 
2.1880 
2.1860 
2.1841 
2.1821 
2.1802 
2.1782 
2.1768 
2.1748 
2.1726 


L«Bsthe 
on  Tool 


0.422 
0.428- 
0.424 
0.425 
0.426 
0.427 
0.428 
0.429 
0.480 
0.481 
0.482 
0^488 
0.484 
0.435 
0.436 
0.487 

0.488 
0.489 
0.440 
0.441 
0.442 


No.  2 
B.AS. 


2.1724 
2.1704 
2.1685 
2.1666 
2.1646 
2.1627 
2.1607 
2.1588 
2.1568 
2.1549 
2.1529 
2.1510 
2.1490 
2.1471 
2.1452 
2.1432 
2.1422 
2.1418 
2.1803 
2.1874 
2.1854 
2.1335 


L«nirtk.c 
oAfepI 


0.448 
0.444 
0.445 
0.446 
0.447 
0.448 
0.449 
0.450 
0.45] 
0.452 
0.458 

o.l^ 

0.455 
0.456 
0.457 
0.458 
0.459 
0.460 
0.461 
0.462 
0.468 


No.  2 
B.AS. 


2.1815 
2.1296 
2.1276 
2.1257 
2.1287 
2.1218 
2.1199 
2.1179 
2.ilG0 
2.1140 
2.1121 
2.1118 
2.1101. 
2.1082 
2.1063 
2.1043 
2.1024 
2.1004 
2.0985 
2.0966 
2.0046 
2.0927 


LMfthc 
onTml 


0.464 
0.465 
0.406 
0.467 
0.468 

a.m 

0.470 
0.471 
0.473 
0.478 
0.474 
0.475 
0.476 
0.477 
0.478 
0.479 
0.480 
0.481 
0.482 
0.488 
0.484 


No.t 
B.*S. 
Machino 


41.0907 
2.0888 
2.0868 
2.0849 
2.0830 
2.0816 
2.0810 
1^.0701 
2.0771 
2.0752 
2.0788 
2.0718 
2.0694 
2.0674 
2.0655 
2.0686 
2.0616 
2.0597 
2.0577 
2.0558 
2.05<58 
2.0519 


LMifthe 
on  Tool 


0.4^ 
0.486 
0.487 
0.488 
0.480 
0.490 
0.491 
0.492 
0.498 
0.494 
0.495 
0.496 
0.497 
0.498 
0.499 
0.500 


2.0505 
2.0600 
2.048(^ 
2,0461 
2.0441 
2.0422 
2.0408 
2.0888 
2.0864 
2.0844 
2.0825 
2.0300 
2.0286 
2.0^67 
2.0247 
2.0228 
2.0200 


METHOD  OF  USING  TABLES 
The  accompanying  tables  have  been 
compiled  to  facilitate  the  calculation  of 
circular  forming  tools  for  Brown  (k 
Sharpe  automatic  screw;  machines.  The 
maximum  diameter  D  (see  illustration) 
of    forming    tools    for    these    machines 


"Length  c  on  Tool/'  and  opposite  the  fig- 
ure thus  located  and  in  the  column  head- 
ed by  the  number  of  the  machine  used, 
read  off  directly  the  diameter  to  which 
the  tool  is  to  be  made.  (The  quotient  ob- 
tained, and  which  is  located  in  the  col- 
umn headed  "Length  c  on  Tool"  is  the 
length  c  as  shown  in  the  illustration).. 

OBMERAL  DIMENSIONS  OF  FORXINO  TOOLS  FOR 
B.  U  8.  AVTOICATIO  BCRKW  MACBINE8 

(So*  illustration  for  notation.) 


t  - 
I 

I 

should  be:  For  No;  00  machine,  1-94 
inch;  for  No.  0  machine,  2VL  inches;  for 
No.  2  machine,  3  inches.  To  find  the  oth- 
er diameters  of  the  tool  for  any  piece  to 
be  formed,  proceed  as  follows:  Subtract 
the  smallest  diameter  of  the  work  from 
that  diameter  of  the  work  which  is  to  be 
formed  by  the  required  tool-diameter; 
dhride  the. remainder  by  2;  locate  the  quo- 
tient   obtained  in  the    column    headed 


Number 

of 

D 

h 

T 

w 

Machine 

i 

00 

U 

1-16 

i 

0  ■ 

l^ 

h 

4-14 

l^ 

2 

8 

i 

1-12 

1 

Example:  A  piece  of  w(7rk  is  to  be 
formed  on  a  No.  0  machine  to  two  diam- 
eters, one  being  ^  inch  and  one  0.550 
inch;  find  the  diameters  of  the  tool. 

The  maximum  tool  diameter  is  2H 
inches..  This  will  be  the  diameter  which 
will  cut  the  V4  inch  diameter  of  the  work. 
To  find  the  other  diameter,  proceed  ac- 
cording to  the  rule  given. 

0.550  —  %  =  0.300 :    0.300  -i-  2  =  0.150. 

In  Table  II,  opposite  0.160,  we  find  that 
the  required  tool  diameter  is  1.9534  inch. 
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Frotn  Pig.  29  we  have: 

n 

8ln  CBD=i—, 
R 

From  Table  II  we  have  ft  =  (7=  14. and  ft  =  ^D  =  l%,  and  hence: 

1 
Bin  CBD  =  — 
6 


cos  CBD  —  v^l  —  sin*  CBD 


135 
=  J-=0. 
>86 


9860188 


From  the  "law  of  cosines"  in  trigonometry,  we  obtain: 

r=i//2»  +  c«  — 2iec  XCO8  CBD 
Substituting  the  known  values,  we  have: 

r  =  -|/  2.26  +  O.OOOOOln?  —  0.0029580399 n. 


ir 


.a^ui 


•  1.OT71 — 


a.1075 . 


2.260'^ 


I 


Flff.  80.    I>im«iisloiia  of  Work  and  Tool  in  tb«  Pxmctlcal  Bxampl*  Olvmi 

To  shorten  the  numerical  work  we  can  now  calculate  r  for  n  =  50, 
n==100,  n  =  150,  etc.,  which  is  equivalent  to  considering  the  distance 
AB,  Fig.  29,  divided  into  a  number  of  equal  divisions,  each  0.001  inch 
long,  and  computing  the  radius  r  for  AB  =  0.050,  ilB  =  0.100,  etc.  By 
trial  it  can  be  determined  that  the  values  of  r  for  other  values  of  n 
can  be  interpolated  between  those  calculated,  so  that  the  interpolated 
values  will  be  correct  to  four  decimal  places.  Hence,  by  computing 
the  values  of  r,  as  stated,  by  the  formula  just  given,  we  obtain  the 
values  in  Table  IV.  The  fourth  column  in  this  table  gives  the  differ- 
ences of  radii  corresponding  to  a  difference  of  0.001  Inch  in  the  length 
of  line  AB,  By  multiplying  the  values  of  r  and  the  differences  for 
0.001  inch,  by  2,  we  obtain  the  diameter  and  diametral  differences 
directly,  as  shown  In  the  last  two  columns.  The  tables  on  pages  34  to 
37  are  computed  by  simply  subtracting  these  diametral  differences,  as 
given  in  Table  IV,  from  each  preceding  diameter,  as  indicated  below. 
For 

n  =  0,  2r  =  3.000000 

n  =  1,  2r  =  3.000000  —  0.001971  =  2.998029 

n  =  2,  2r  =  2.998029  —  0.001971  =  2.996058 
and  so  forth  to  n  =  49. 
For 

n  =  50,  2r  =  2.901446 
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n  =  51,  2r  =  2.901446  —  0.001969  =  2.899477 

n  =  52.  2r  =s  2.899477  —  0.001969  =  2.897508 
and  so  forth  to  n  =  99.      In  this  way  the  calculations  are  continued 
until  the  table  is  completed. 

The  following  example  will  illustrate  the  practical  application  of 
Tables  V  to  VIII.  Assume  that  we  wish  to  design  a  circular  forming 
tool  to  turn  the  piece  shown  in  Fig.  30,  on  a  No.  0  Brown  it  Sharpe 
automatic  screw  machine.  Let  the  largest  diameter  of  the  circular  tool 
correspond  with  the  smallest  diameter  on  the  piece.  Then  find  one- 
half  the  difFerenoe  between  the  required  diameters  of  the  work  as 
follows: 

5 

0.137 

32  0.156  —  0.137        0.019 

= = =  0.0095  inch 

2  2  2 

9 

0.137 

32  0.281  —  0.137       0.144 


=  0.072  inch 


2  2 

0.024  1  —  0.137    ' 

16  /  0.276 

= =  0.138  inch 

2  2 

From  Table  V,  we  find  opposite  0.0095,*  in  the  column  headed  No.  0 
the  value  2.2312,  which  is  the  diameter  to  which  to  turn  the  circular 
tool  to  produce  the  5/32  inch  diameter  on  the  work  when  the  largest 
diameter  of  the  circular  tool  turns  the  smallest  diameter  on  the  work 
to  0.137  inch  diameter.  The  other  diameters  are  found  opposite  0.072 
and  0.138,  in  the  column  headed  No.  0;  they  are  2.1075  inches  and 
1.9771  inch,  respectively. 


*  The  table  only  reads  to  thousandths  of  an  inch,  but  values  corresponding  to 
ten-thousandths  inch  can  be  found  by  Interpolating. 
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Automatic  Screw  Machine  Practice  for  the  Brown  A  Sharpe  auto- 
matic screw  machines  is  covered  in  eight  Reference  Books,  Nos.  99  to 
106,  inclusive.  Reference  Book  No.  99,  "Operation  of  the  Brown  & 
Sharpe  Automatic  Screw  Machines/'  deals  with  the  construction  of 
these  machines  and  the  setting-up  of  the  tools.  No.  100,  "Designing  and 
Cutting  Cams  for  Automatic  Screw  Machines/'  gives  detailed  instruction 
on  cam  design,  and  describes  a  simplified  method  for  milling  cams. 
No.  101,  "Circular  Form  and  Cut-off  Tools  for  the  Automatic  Screw 
Machine,"  deals  with  the  general  arrangement  and  the  calculations  of 
these  tools,  and  describes  the  different  methods  employed  in  their 
making.  No.  102,  "External  Cutting  Tools  for  the  Automatic  Screw 
Machine,"  deals  with  the  design  and  construction  of  box-tools,  taper 
turning  tools,  hollow  mills,  and  shaving  tools.  No.  103,  "Internal  Cut- 
ting Tools  for  the  Automatic  Screw  Machine,"  deals  with  centering 
tools,  cross-slide  drilling  attachments,  counterbores,  reamers,  and  re- 
cessing tools.  No.  104,  "Threading  Operations  on  the  Automatic  Screw 
Machine,"  treats  on  cam  design  for  threading  operations,  threading 
dies,  taps  and  tap  drills,  die  and  tap  holders,  and  thread  rolling.  No. 
105,  "Knurling  Operations  on  the  Automatic  Screw  Machine/'  describes 
the  construction  of  knurling  holders,  and  gives  directions  for  the  mak- 
ing of  knurls  and  the  design  of  tools  and  cams  used  in  connection  with 
knurling  operations.  No.  106,  "Milling,  Cross-drilling  and  Burring 
Operations  on  the  Automatic  Screw  Machine/'  describes  screw-slotting 
attachments,  index  drilling  attachments,  and  burring  attachments,  giv- 
ing directions  for  their  use  and  for  the  design  of  oams  for  them. 
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CHAPTER  I 


BOX-TOOLS  FOB  AUTOMATIO  SCBEW  MACHINES 

The  subject  of  external  cutting  tools  is  of  wide  scope,  embracing  all 
the  tools  which  are  used  in  removing  material  from  the  exterior  of 
the  work.  The  most  common  tools  used  for  external  work  are  circular 
forming  tools,  box-tools,  hollow-mills,  swing  tools,  taper-turning  tools, 
angular  cutting-off  tools,  and  shaving  tools.  All  the  tools  mentioned, 
with  the  exception  of  circular  form  and  cutrOfC  tools,  which  are  dealt 
with  in  Machtwkry's  Reference  Book  No.  101,  "Automatic  Screw  Ma- 
chine- Practice — Part  III,"  will  be  described  in  the  following  pcges. 
External  cutting  tools  are  made  of  difCerent  designs  to  suit  the  condi- 
tions of  the  work  on  which  they  are  to  be  used;  therefore  a  detailed 
description  of  the  construction  and  use  of  each  tool  will  be  given.  As 
box-tools  are  used  extensively  on  the 'automatic  screw  machine,  and  as 
they  are  the  most  common  of  all  the  tools  used  for  external  work,  they 
will  be  considered  first 

Preparing  Work  fbr  Tuminir 

Before  reducing  the  diameter  of  the  work  by  means  of  a  box-tool  or 
other  external  cutting  tool  of  a  similar  type,  it  is  necessary  to  chamfer 
the  front  end  of  the  work  to  permit  the  starting  of  the  box-tool  cutter 
on  a  light  cut,  until  the  supports  are  .in  position  to  steady  the  work. 
Pointing  or  chamfering  the  end  of  the  work  also  facilitates  the  setting 
of  a  hollow-mill  concentric  with  the  work. 

One  method  of  pointing  the  end  of  the  work  is  shown  at  A  in  Fig.  1. 
Here  the  circular  cut-off  tool  has  an  angular  projection  on  its  face  next 
to  the  chuck,  which  points  the  bar  before  it  is  fed  out  for  the  next 
piece.  This  method  is  generally  used  when  the  work  is  not  very  lon^, 
and  when  It  runs  practically  true.  When  it  is  necessary  to  cut  a  thread 
on  a  piece,  the  beveled  end  of  the  bar  is  made  small  enough  to  facilitate 
the  starting  of  the  die. 

It  is  sometimes  found  impossible  to  point  the  bar  with  the  cut-off 
tool,  owing  to  various  conditions,  and  in  this  case  the  bar  is  usually 
pointed  by  a  combination  centering  and  pointing  tool  as  shown  at  B. 
This  tool  can  be  used  when  the  bar  does  not  project  more  than  three 
and  one-half  times  its  diameter  from  the  face  of  the  chuck,  and  also 
when  the  bar  is  unfinished  or  of  irregular  shape.  The  tool  a  is  used 
for  centering  the  work,  thus  preparing  it  for  drilling  a  hole,  and  the 
tool  h  is  used  for  pointing  the  end  of  the  bar. 

Another  condition  is  that  shown  at  C,  Here  the  form  tool  precedes 
the  box-tool,  necking  the  bar  at  a.  Now  if  the  face  b  of  the  circular 
tool  were  left  square  and  not  chamfered,  as  shown,  a  ring  or  washer 
would  be  formed  by  the  box-tool  cutter,  as  there  would  be  no  resistance 
to  the  pressure  of  the  cut,  and  hence  the  thin  ring  would  break  off 
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before  all  the  material  had  been  removed.  This  condition  was  clearly 
illustrated  and  described  in  Part  III  of  this  treatise,  Reference  Book 
No.  101. 

When  it  is  necessary  to  turn  down  a  portion  of  a  long  cylindrical 
piece  of  cold-drawn  steel  or  other  material  which  has  a  finished  surface, 
and  have  the  part  turned  concentric  with  that  which  has  not  been 
reduced,  it  is  usually  good  practice  to  weaken  the  bar  with  the  circular 
cut-off  tool  as  shown  at  D.  For  this  class  of  work  a  supporting  bush- 
ing held  in  the  box-^ool  should  precede  the  turning  tool,  so  that  the 
part  turned  will  be  concentric  with  the  finished  body  of  the  work. 
Before  turning,  the  bar  is  pointed  with  the  circular  cut-off  tool  as 
shown  at  A. 

The  diameter  a  of  the  neck  should  be  small  enough  to  allow  the  bar 
to  be  straightened  with  the  box-tool  support,  so  that  it  will  run  true. 


lULAR  CUT-OFF 

root 


It  ■ 


^CIRCULAR  FORM 
"■^TOOL 


r<MJUki«rfjr.r. 


Fiff.  1.    Methods  of  Preparing  Work  tor  Tamlnir 

In  the  majority  of  cases  the  neck  a  may  be  made  from  0.3  to  0.5  times 
b,  but,  of  course,  the  length  c  of  the  work,  the  depth  of  the  chip  re- 
moved, and  the  feed  used,  will  govern  largely  the  diameter  of  the  neck. 
The  material  being  turned  will  also  affect  this  diameter  slightly,  but 
in  most  cases  this  latter  condition  can  be  disregarded.  Rods  which 
have  short  bends  in  them  should  not  be  used,  as  it  will  be  found  im- 
possible to  produce  a  good  surface  on  the  part  which  is  turned*  The 
spring  collet  should  also  run  perfectly  true  if  good  results  are  to  be 
expected. 

Application  of  Box- tool  Cutters  to  the  Work 

Box-tool  cutters  are  applied  either  radially  or  tangentially  to  the 
work.  The  radial  cutter  is  more  commonly  used  for  brass  work,  while 
the  tangential  cutter  is  used  for  all  classes  of  steel  work,  althou^  it  is 
also  sometimes  used  for  brass  work. 

At  A  in  Fig.  2  is  shown  what  is  termed  a  "radial  cutter."  The  cut- 
ting edge  is  set  slightly  above  the  horizontal  center  line  of  the  work. 
The  amount  that  it  is  set  above  the  center  is  usually  about  0.02  times 
the  diameter  to  which  the  work  is  being  turned.    This  is  the  preferable 
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method  of  applying  a  turning  too^  for  taking  roughing  cuts  on  brass 
rod.  When  the  stock  is  rough,  or  of  an  irregular  shape,  the  cutter 
should  precede  the  support  by  an  amount  equal  to  from  0.010  to  0.020 
inch,  but  when  the  bar  is  cylindrical  and  has  a  finished  surface,  the 
support  for  roughing  cuts  should  precede  the  turning  tool,  as  is  shown 
by  the  dotted  lines. 

At  B  is  shown  what  is  called  a  tangential  cutter.  Here  the  cutter  is 
set  to  take  a  roughing  cut  from  a  bar  which  is  not  finished,  or  of 
irregular  shape.  Where  the  bar  has  a  finished  surface  and  is  circular 
in  shape,  the  support  Ls  set  in  advance  of  the  turning  tool  as  already 
mentioned. 

A  tangential  cutter  set  for  taking  a  finishing  cut  on  steel  work  is 
shown  at  C.  Here  the  turning  tool  is  set  slightly  back  of  the  center, 
an  amount  equal  to  about  0.10  of  the  diameter  d  to  which  the  work  is 
being  turned.  For  cutting  brass,  the  tangential  cutter  is  set  in  line 
with  the  center,  and,  in  some  cases,  a  slight  amount  in  advance  of  the 
center. 
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A  method  of  applying  two  turning  tools  for  roughing  down  steel 
work  Is  shown  at  D,  and  at  E  Is  shown  a  method  of  applying  three  turn- 
ing tools  for  the  same  purpose.  For  taking  roughing  cuts  on  brass, 
where  a  great  amount  of  material  Is  to  be  removed,  a  hollow-mlll  is 
generally  used,  but  the  method  shown  at  D  can  sometimes  be  used  to 
advantage.  In  the  case  shqwn  at  E  no  supports  are  used,  as  the  tools 
support  the  stock.  These  tools  can  either  be  set  radially  as  shown, 
and  a  slight  amount  in  advance  of  each  other,  or  tangentlally  and  at 
varying  heights,  so  as  to  distribute  the  cuts  equally  among  the  tools. 
For  taking  roughing  cuts  on  steel,  it  is  preferable  to  set  the  cutters 
tangentlally  to  the  work. 

At  F  is  shown  a  method  of  applying  two  tangential  turning  tools  for 
turning  down  two  diameters  on  a  piece  of  work.  This  method  is  used 
when  the  distance  a  is  not  much  greater  than  from  %  to  %  inch.  If 
the  distance  a  is  much  greater  than  this  it  is  generally  advisable  to 
use  two  separate  box-tools,  provided  there  is  sufficient  room  in  the 
turret.  When  turning  tools  are  used  in  this  manner  it  Is  necessary  to 
have  the  thickness  of  the  first  tool,  or  the  distance  &,  such  that  the 
second  tool,  when  set  tightly  against  the  first  one  will  turn  the  shoulder 
to  the  desired  length. 

To  illustrate  clearly  how  the  distance  h  is  obtained,  we  will  take  a 
practical  example.  Let  a  =  0.375  inch,  i8  =  10  degrees;  then  6=ox 
cos /9^  0.375  X  0.9848  =  0.3693  inch.  When  two  turning  tools  are  used 
in  this  manner  they  should  be  ground  on  all  surfaces  and  should  also 
be  made  a  good  fit  in  the  square  or  oblong  hole  cut  in  the  body  of  the 
holder   to   receive   them. 

Holding  and  A<!UuBting  Boz-tool  Cutters 
It  is  conducive  to  good  results  to  have  a  box-tool  cutter  held  rigidly 
in  the  holder.  It  should  not  project  any  further  from  the  holder  than 
is  absolutely  necessary  in  order  that  the  latter  may  clear  the  largest 
diameter  of  the  bar  being  turned.  Means  for  adjusting  the  tool  to  cut 
different  diameters  should  also  be  provided.  At  A  in  Fig.  3  is  shown  a 
method  which  is  commonly  used  for/ holding  a  boi^-tool  cutter  for  brass 
work.  In  this  case  a  square  hole  is  cut  In  the  body  of  the  holder  to 
receive  the  cutter,  the  latter  being  held  by  a  set-screw  a.  The  cutter  is 
adjusted  for  different  diameters  by  the  collar-head  set-screw  h  which 
bears  against  the  rear  end  of  the  tool.  It  is  obvious  that  this  screw 
can  only  be  used  for  adjusting  the  tool  in,  but  by  cutting  a  slot  In  the 
turning  tool  to  fit  the  collar  on  the  screw,  this  same  screw  may  be 
used  for  adjusting  the  tool  both  in  and  out,  thus  making  it  more  con- 
venient. 

The  method  shown  at  B  for  holding  the  turning  tool  is  used  particu- 
larly for  brass  work.  In  this  case  the  turning  tool  is  held  in  the 
block  c  by  two  set-screws  d,  the  block  being  adjustable  along  the  body 
of  the  holder.  The  block  c  has  a  projecting  shank  which  passes  through 
the  body  of  the  holder  and  is  fastened  to  it  by  means  of  the  nut  and 
washer  shown.  It  is  evident  that  this  method  of  holding  the  tool  is 
very  convenient  for  certain  classes  of  work,  especially  when  different 
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diameters  are  required,  as  it  is  possible  to  have  one  or  more  blocks  for 
holding  the  turning  tools. 

A  method  of  adjusting  and  holding  a  tangential  cutter  is  shown  at  C. 
Here  the  cutter  is  set  off  at  an  angle  from  the  face  of  the  box-tool,  and 
is  held  in  the  body  of  the  holder  by  two  set-screws  e  and  /.  The  tool 
rests  on  a  small  block  A,  thus  allowing  it  to  be  adjusted  for  ^turning 
difiterent  diameters,  the  two  set-screws  being  used  in  connection  with 
this  block  for  adjusting.  This  method  of  adjusting  and  holding  the 
turning  tool  is  limited  in  its  range,  very  little  adjustment  being  ob- 
tained by  it. 

A  method  of  holding  the  turning  tool  somewhat  similar  to  that  just 
described  is  shown  at  D.  Here  the  tool  rests  on  the  body  of  a  screw  g 
instead  of  on  a  block.  These  two  methods  of  adjusting  the  tool  can 
only  be  used  for  certain  classes  of  work.  A  method  which  allows  of 
more  adjustment  is  shown  at  E.  Here  the  tool  is  adjusted  and  held  by 
three  set-screws,  thus  allowing  it  to  be  adjusted  for  various  diameters, 
with  the  face  of  the  tool  held  in  a  plane  parallel  to  the  horizontal  center 
line  ^ 

The  methods  shown  at  C,  D  and  E  are  very  seldom  used  for  finishing 
box-tools;  they  are  used  principally  for  roughing  box-toals.  At  F  is 
shown  the  method  of  adjusting  the  turning  tool  holder  which  is  usually 
applied  to  finishing  box-tools.  Here  the  tool  is  held  in  a  block  h  which 
is  adjusted  up  and  down  on  the  body  of  the  holder  by  means  of  set- 
screw  t;  the  block  is  held,  when  In  the  desired  position,  by  cap-screw  /. 
This  block  has  a  groove  in  it  which  fits  on  a  tongue  formed  on  the 
box-tool  body,  thus  holding  the  tool-holder  rigidly. 

At  G  is  shown  a  method  similar  to  that  just  described,  but  the  tam- 
ing tool  is  in  this  case  held  in  the  holder  in  a  manner  similar  to  that 
shown  at  C.  By  this  means  the  cutter  may  be  set  at  a  slight  angle 
from  the  horizontal  center  line,  thus  giving  it  more  clearance,  as  is 
sometimes  necessary,  especially  when  cutting  steel.  A  slight  adjust- 
ment of  the  tool,  independently  of  the  tool-holder  is  also  possible. 

It  will  be  seen  from  a  study  of  the  various  methods  shown  that  the 
setting  of  the  tool  cannot  be  accurately  known,  so  that  a  number  of 
trial  cuts  have  to  be  taken  before  the  desired  diameter  is  obtained. 
To  obviate  this  tedious  opei^tion  of  setting  the  tool,  a  micrometer 
screw  is  used  for  setting  the  box-tool  cutter  to  the  correct  diameter,  as 
shown  at  H  and  /.  This  micrometer  screw  k  has  two  shoulders  on  it 
and  is  screwed  into  the  body  of  the  holder,  the  body  of  the  screw  being 
made  a  good  fit  in  the  block  shown  in  detail  at  /.  The  hole  in  block  I 
through  which  screw  k  passes  is  slotted  out  to  the  edge  as  shown,  to 
facilitate  assembling  the  screw  in  the  block.  A  40-pitch  thread  is  cut 
on  this  screw,  so  that  for  one  revolution  of  the  screw  the  turning  tool 
is  moved  up  or  down,  as  the  case  may  be,  a  distance  equal  to  0.025  inch. 
By  making  this  screw  a  good  fit  in  the  body  of  the  holder  and  the  block. 
It  is  possible  to  get  the  desired  diameter  without  much  trouble.  The 
block  is  held  to  the  body  of  the  holder  in  the  same  manner  as  that 
shown  at  F  and  G. 
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A  good  method  of  holding  two  or  more  turning  toote  for  roughing  is 
shown  at  /,  the  holder,  of  course,  being  made  with  the  desired  number 
of  projecting  lugs  or  tool-holders  m.  The  tool  in  this  case  is  held  in  a 
stud  n.  which  has  a  square  hole  cut  in  it  to  receive  the  tool.  This  hole 
is  cut  at  an  angle  with  the  face,  so  that  the  tool  is  set  at  the  desired 
angle.  Two  set-screws  o  are  used  to  prevent  the  tool  from  turning 
under  the  pressure  of  the  cut,  and  also  to  permit  of  a  slight  adjust- 
ment of  the  tool.  As  can  be  seen,  this  tool  is  limited  in  its  scope,  the 
changes  for  diameter  being  accomplished  by  means  oi  the  set-screws  o, 
and  also  by  moving  the  turning  tool  in  or  out  a  slight  amount.  This 
method  of  holding  a  turning  tool  is  used  mostly  for  roughing  work  and 
is  applied  in  a  manner  similar  to  that  shown  at  E,  Pig.  2. 

Application  of  Box- tool  Supports  to  the  Work 

The  type  of  support  to  use  and  the  method  of  applying  it  are  gov- 
erned largely  by  the  following  conditions: 

1.  Shape  of  the  stock,  whether  round  or  otherwise; 

2.  Character  of  the  cut,  whether  taper  or  otherwise; 

3.  Nature  of  the  material,  whether  soft  or  hard; 

4.  Number  of  difCerent  diameters  to  be  turned ; 

5.  Length  of  the  work  being  turned; 

6.  Clearance  allowable  between  the  face  of  the  circular  form 
tool  and  box-tool. 

These  various  points  should  be  taken  into  consideration  before  de- 
signing a  box-tool. 

At  A  in  Fig.  4  is  shown  a  box-tool  support,  which  is  commonly  used 
in  roughing  box-tools.  This  support  envelopes  the  work  and  precedes 
the  turning  tool.  It  is  used  mainly  for  turning  «down  cylindrical  work 
in  which  the  finished  diameter  is  to  be  concentric  with  the  part  which 
is  not  finished,  that  is,  which  has  not  had  a  cut  taken  from  it.  Where 
the  work  being  turned  projects  more  than  five  times  its  diameter  from 
the  chuck,  and  is  of  large  diameter,  it  is  not  advisable  to  use  a  bush* 
ing  support,  unless  the  stock  is  reduced  by  the  circular  cut-off  tool,  as 
previously  described. 

At  B  is  shown  a  support  which  is  recommended  by  some  authorities* 
for  finishing  box-tools.  As  a  rule  this  support  should  be  used  sparingly, 
and  in  fact,  the  writer  would  suggest  that  it  be  entirely  dispensed  with, 
particularly  where  the  work  has  not  been  previously  turned.  There 
are  several  objections  to  this  support,  especially  when  it  is  made  solid 
with  the  holder,  among  which  the  following  might  be  given:  As  this 
support  does  not  envelope  the  work,  a  bar  which  is  larger  in  diameter 
than  the  hole  in  the  support  can  be  turned;  therefore,  the  support 
throws  the  bar  to  one  side,  so  that  it  is  not  in  line  with  the  chuck,  thus 
producing  work  which  is  not  straight,  but  slightly  tapered.  At  times 
this  is  objectionable,  and  can  be  avoided  if  an  adjustable  support  is 
used.  It  is  also  sometimes  suggested  to  drill  this  support  in  the  map 
chine  in  which  it  is  to  be  used,  and  after  hardening,  to  lap  it  in  the 
machine  also.  This  s6ems  a  roundabout  way  to  make  a  support  for  a 
box-tool,  when  it  is  a  very  simple  matter  to  have  the  box-tool  support 
adjustable.  r^^^r^T^ 
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The  support  shown  at  C  has  none  of  the  objectionable  features  men- 
tioned regarding  that  shown  at  B.  This  support  is  commonly  called  a 
V-support,  and  has  a  twoi)oint  bearing  on  the  work.  As  shown  in  the 
illustration,  the  thrust  from  the  tool  is  against  both  supports.  As  a 
rule,  this  support  should  not  precede  the  cutting  tool,  for  the  reason 
that  if  the  work  is  not  cylindrical  in  shape,  the  irregularities  of  the 
bar  will  be  reproduced  on  the  work  that  is  turned.  Hence,  when  using 
a  V-support  it  is  always  best  to  have  the  cutting  tool  precede  the  sup- 
port an  amount  varying  from  0.010  to  0.015  inch.  This  V-support  can 
be  used  for  brass,  steel  and  similar  materials,  and  gives  satisfactory 
results  when  it  does  not  precede  the  turning  tool. 

In  turning  cast  iron,  aluminum  or  materials  of  a  similar  character, 
difficulty  Is  sometimes  encountered  in  producing  a  finished  surface  on 


Flff.  4.    Method  of  Applying  Box>tool  Supports  to  the  Work 

the  work.  This  is  usually  due  to  fine  chips  or  dust  getting  in  between 
the  supports  and  the  work,  thus  causing  an  abrasive  action  which 
roughens  the  work.  It  is,  therefore,  advisable  when  turning  aluminum, 
cast  iron  or  materials  of  a  similar  character,  to  use  roller  supports. 
One  method  of  applying  the  roller  supports  is  shown  at  D.  These 
rollers  should  be  hardened  and  ground,  and  it  is  usually  preferable  to 
lap  them  also,  so  that  they  are  very  smooth.  This  support  is  also  used 
when  turning  machine  steel,  and  is  made  to  bear  rather  hard  against 
the  work,  which  gives  it  a  burnished  appearance. 

Another  support  which  is  sometimes  used  for  cast  iron  is  shown  at 
E,  This  gives  a  two-point  bearing,  and  allows  the  tool  to  be  set  ra- 
dially to  the  work.  This  support,  however,  is  not  as  good  as  the  roller 
support. 

At  F  is  shown  a  method  of  supporting  the  work  when  applying  two 
turning  tools  to  it.  This  method  is  used  principally  for  roughing  down 
steel  work.  The  supports,  as  shown,  are  set  at  right  angles  to  the  tools. 
This  manner  of  turning  steel  work  is  used  largely  when  it  is  necessary 
to  rough  down  the  work  from  a  large  to  a  small  diameter  in  the  least 
possible  time. 
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Ajs  a  rule,  supports  for  box-tools  should  be  made  from  high-carbon 
steel,  left  glass  hard,  and  given  a  very  smooth  finish,  which  is  one  of 
the  chief  requirements  of  a  box-tool  support. 

Holding'  and  Acl^uBting  Box-tool  Supports 

There  are  various  methods  used  for  holding  and  adjusting  box  tool 
supports,  some  of  which  are  shown  in  Fig.  5.  At  A  is  shown  a  com- 
mon method  of  holding  a  bushing  support.  The  bushing  is  driven  into 
the  body  of  the  holder  and  is  held  with  a  cone-pointed  screw  a,  which 
is  located  in  a  spot  drilled  In  the  bushing.  The  bushing  as  shown  is 
straight,  but  it  is  sometimes  advisable  to  make  the  bushing  with  a 
shoulder  on  it,  so  that  if  a  large  piece  of  stock  is  encountered,  it  will 
not  force  the  bushing  back  against  the  cutting  tool.  Of  course,  this  is 
an  extreme  case,  and  where  the  stock  varies  to  such  an  extent,  the 
bushing  support  should  not  be  used.  At  B  is  shown  a  method  of  hold- 
ing a  support  similar  to  that  shown  at  B  in  Fig.  4.  The  adjustment 
in  this  case,  however,  is  only  longitudinally  along  the  body  of  the 
holder,  there  being  no  provision  for  variations  in  diameter.  At  C  is 
shown  one  method  of  holding  a  V-support.  A  rectangular  hole  is  cut 
in  the  body  of  the  holder  in  which  the  supports  fit.  When  in  position, 
the  supports  are  held  by  the  set-screw  h.  This  method  of  holding  a 
V-support  is  commonly  used  for  both  roughing  and  finishing  box-tools, 
when  one  cutting  tool  is  applied  to  the  work,  and  sometimes  when  two 
dotting  tools  are  used  so  close  together  that  it  is  only  necessary  to 
support  the  work  at  one  place. 

At  D  is  shown  a  method  of  holding  a  V-support  when  it  is  necessary 
to  apply  more  than  one  support  to  the  work,  as  in  the  case  when  turn- 
ing down  to  more  than  one  diameter  at  a  time.  This  support  is  held 
in  a  movable  block  c,  which  is  adjusted  along  the  body  of  the  holder. 
This  block  c  is  held  to  the  holder  by  the  cap-screw  d.  A  slot  is  cut  in 
the  body  of  the  holder,  in  which  this  cap-screw  is  adjusted,  and  a  groove 
is  also  cut  in  the  holder  to  fit  a  projection  formed  on  the  base  of  the 
block  c.  The  supports  are  held  in  the  block  by  means  of  a  set-screw, 
as  at  C. 

These  last  two  methods  are  principally  for  box-tools  used  for  turning 
brass  or  a  similar  class  of  materials,  in  which  the  cutter  is  set  radially 
to  the  work.  At  E  is  shown  a  common  method  of  applying  the  V-sup- 
port to  a  box-tool  used  for  cutting  steel  and  work  of  a  similar  character. 
This  method  of  applying  the  support  is  used  when  the  cutting  tool  is 
set  tangentially  with  the  work.  The  support  is  held  in  a  rectangular 
hole  cut  in  the  body  of  the  box-tool,  by  a  set-screw,  as  shown. 

The  methods  shown  at  C,  D  and  E  are  limited  in  their  scope,  to  a 
certain  extent,  owing  to  the  fact  that  they  cannot  be  used  in  conjunc- 
tion with  a  circular  form  tool  when  it  is  necessary  to  have  the  tool 
work  closer  to  the  forming  tool  than  the  thickness  of  the  web  e.  For 
this  class  of  work  the  method  of  holding  the  support  shown  at  F  is 
commonly  used.  This  support  is  beveled  as  shown,  and  set  in  a  corre- 
spondingly beveled  slot  cut  in  the  front  end  of  the  box-tool  body.    As 
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it  would  be  impossible  to  bind  these  supports  by  having  a  screw  press- 
ing on  top  of  them,  it  is  necessary  to  split  the  body  of  the  holder,  and 
have  screws  pass  through  the  two  parts,  binding  them  together.  A 
clearance  hole  for  the  body  of  the  screw  is  drilled  in  the  upper  part. 
while  the  lower  part  is  tapped  out  to  fit  the  screw.  As  this  method 
depends  on  the  elasticity  of  the  material,  it  is  usually  best  to  drill  a 
hole  of  from  %  to  %  inch  in  diameter  at  the  rear  end  of  the  slot  to 
facilitate  the  drawing  of  the  two  parts  of  the  body  together,  which  is 
necessary  to  bind  the  supports  in  a  rigid  manner.  There  is  one  objec- 
tion to  this  method  of  holding  the  support,  viz.,  the  difficulty  of  apply- 
ing the  turning  tool  (in  some  cases),  due  to  the  fact  that  it  comes  very 
close  to  the  face  of  the  box-tool. 
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As  was  previously  mentioned,  difficulty  is  sometimes  encountered  in 
turning  cast  iron,  aluminum  and  materials  of  a  similar  character, 
owing  to  finle  chips  or  dust  getting  in  between  the  box-tool  supports 
and  the  work.  It  was  also  mentioned  that  roller  supports  were  advis- 
able for  this  class  of  work.  At  O  is  shpwn  a  method  of  applying  roller 
supports.  These  roller  supports  are  held  in  two  movable  members,  / 
and  g,  which,  in  turn,  are  fastened  to  the  body  of  the  holder  by  the 
clamping  screw  7i.  These  members,  /  and  g,  are  cut  out  so  that  they 
fit  into  each  other  and  form  a  sort  of  "mortised"  Joint  As  the  clamp- 
ing screw  h  would  not  be  sufficient  to  hold  these  roller-support  holders 
against  the  pressure  of  the  cut,  they  are  held  in  the  correct  position  by 
large-headed  screws  i,  which  are  screwed  into  the  body  of  the  holder. 

At  H  is  shown  another  method  of  applying  roller  supports.  In  this 
case  the  supports  are  held  on  two  sliding  holders,  ;  and  h,  which  slide 
in  grooves  cut  in  the  box-tool  body.  They  are  adjusted  in  and  out  to 
the  required  diameter,  and  held  by  the  clamping  screws,  as  shown. 
This  method  of  holding  the  supports  is  more  rigid  than  that  described 
in  connection  with  G,  and  should  in  most  cases  be  used  in  preference. 
There  are  numerous  other  methods  of  holding  roller  supports,  but  they 
are  all  of  a  somewhat  similar  character  to  those  already  shown.  Natur- 
ally, there  are  various  conditions  which  govern  the  method  of  applying 
these  supports. 

The  methods  of  holding  supports  illustrated  in  Fig.  5  are  those  gen- 
erally used  in  standard  box-tools,  and  do  not  include  those  used  for 
special  conditions.  Special  applications  of  box«tool  supports  will  be 
dealt  with  in  a  following  chapter. 

OuttlniT-ftnirles  for  Box-tool  Cutters 

It  is  not  sufficient  to  hold  a  box-tool  cutter  rigidly,  and  support  the 
work  well,  to  obtain  good  results,  but  it  is  also  necessary  to  have  suffi- 
cient clearance,  and  the  correct  cutting  angle  on  the  tool.  That  is,  the 
tool  must  have  sufficient  clearance  and  rake,  so  as  to  remove  the  ma- 
terial with  the  least  possible  resistance  and  power.  The  manner  in 
which  the  tool  is  applied  to  the  work,  and  the  material  on  which  it 
operates,  govern  the  cutting  angle  on  the  tool.  Generally,  in  automatic 
screw  machine  work,  for  cutting  brass,  the  box-tool  cutter  is  set  ra- 
dially to  the  center,  as  shown  at  A  in  Fig.  6.  For  taking  a  roughing 
cut  on  brass  with  the  turning  tool  set  radially  to  the  work,  the  tool 
should  be  ground  to  the  shape  here  shown. 

When  taking  a  finishing  cut  on  brass  work,  the  tool  is  ground  to  the 
shape  shown  at  B.  Here  a  porl^n  of  the  cutting  surface,  equal  to  the 
distance  &,  is  made  straight,  so  as  to  produce  a  smooth  finish  on  the 
work.  For  usual  conditions  h  equals  1/5  of  the  smallest  diameter  of 
the  work  being  turned.  It  will  be  noticed  in  both  these  cases  that  the 
tool  is  not  set  at  an  angle  with  the  face  of  the  work,  but  is  set  parallel 
with  it.  While  this  method  of  setting  the  tool  can  be  used  for  brass 
work,  it  is  not  advisable  for  steel  work.  A  turning  tool  set  tangentially 
with  the  work  is  shown  at  C  The  angles  on  the  tool  for  cutting  the 
materials  specified  in  the  following  are  as  follows: 
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Cuttlnar-anffles  for  Machine  Steel 

a  =  10  degrees, 

&  =  10  degrees, 

c  =  8  to  10  degrees, 

d  =  70  to  72  degrees. 


Cuttinff-anffles  for  Tool  Steel 

a  =  8  degrees, 

6  =  8  degrees, 

c  =  8  to  10  degrees, 

d  =  72  to  74  degrees. 


The  method  of  grinding  the  tool  shown  at  C  is  commonly  used  for 
roughing  cuts,  and  will  not  produce  an  absolutely  square  shoulder  on 
the  work.  For  finishing  cuts  the  tool  is  ground  as  shown  at  D,  which 
produces  a  square  shoulder  on  the  work.  The  cutting  angles  for  the 
materials  specified  below  are  as  follows:  i 


Cuttinff-anffles  for  Bfachine  Steel 
e  =  from  10  to  12  degrees, 
/  =  from  15  to  18  degrees, 
^  =  from  60  to  65  degrees. 


CuttinfiT-anffles  for  Tool  Sted 
e  =  from  8  to  10  degrees, 
/=from  8  to  10  degrees, 
^=:from  70  to  74  degrees. 


-*■ 
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Flff.  O.    Outtlnff-ans-les  for  Box-tool  Outtera 

While  the  cutting  face  on  the  tool  shown  at  D  is  straight,  it  is  usu- 
ally advisable,  especially  when  cutting  machine  steel  and  Norway  iron, 
to  give  more  "lip"  to  the  tool,  as  is  clearly  shown  by  the  dotted  line  h. 
This  produces  a  curling  chip  and  is  conducive  to  better  and  more  effi- 
cient cutting.  It  is  also  advisable  in  most  cases  to  make  the  turning 
tools  for  box-tools  from  high-speed  steel,'  especially  for  cutting  machine 
steel,  Norway  iron,  etc.,  because  better  results  are  obtained  by  using  a 
high  peripheral  velocity  and  a  fine  feed. 

AcyustiniT  the  Tangent  Cutter  for  Turning  Different  Diameters 
The  use  of  the  so-called  "tangent"  clitter  has  been  found  to  be  the 
most  satisfactory  method  of  applying  a  box-tool  cutter  for  cutting  ma- 
chine steel,  Norway  iron,  etc.,  although  this  method  of  applying  the 
cutter  is  also  sometimes  used  for  cutting  brass.     In  Fig.  7  is  shown 
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the  manner  of  setting  a  tangent  cutter.  The  face  of  the  cutter  should 
be  set  at  a  distance  d  back  of  the  center.  This  gives  the  tool  more 
clearance,  and  is  conducive  to  a  cleaner  and  better  cutting  action.  The 
distance  d  should  be  equal  to  about  l/SD  for  tool  steel,  and  I/IOD  for 
Norway  iron  and  machine  steel,  where  D  equals  the  diameter  to  which 

the  work  is  being  turned.  When 
the  tangent  cutter  is  adjusted  for 
a  larger  diameter,  it  should  also 
be  set  back  enough  so  that  d, 
bears  the  same  relation  to  the 
larger  diameter  as  d  does  to  the 
smaller.  (See  the  dotted  lines.) 
It  is  also  sometimes  advisable, 
especially  when  cutting  machine 
steel,  to  set  up  the  tool  from  the 
Fiff.  7.  Adjusting  a  Tanflrent  Cutter  for        horizontal  at  an  angle  of  from 

Tumlnir  Different  Dl«nefr.  ^    ^^    ^   ^^^^^^    ^^^^^    increases 

the  clearance  of  the  tool.  This  is  accomplished  by  means  of  adjusting 
screws,  as  is  clearly  illustrated  in  Fig.  3. 

Sections  of  Steel  used  for  Box-tool  Cutters 
Box-tool  cutters  should  not  be  made  of  too  weak  a  croae-section,  espe- 
cially for  roughing,  although  a  rigid  tool  is  also  required  for  finishing. 
The  conditions  under  which  a  box-tool  cutter  is  used  govern  to  a  large 
extent  the  cross-section  of  the  tool.  For  special  conditions,  the  tool  is 
sometimes  made  of  rectangular  section,  but  for  standard  box-tools,  it  is 
made  from  square  stock.  The  square  sections  recommended  for  box-tool 
cutters  are  as  follows: 


MiuMna^JH,  Y. 


Larsrest  Diameter 
of  Work 
in  Inches 

I 
t 


Square  Section 

of  Tool 

in  Inches 

A 

i 

A 


Larsrest  Diameter 
of  Work 
in  Inches 


Sqoare  Section 

ofTool   . 

in  Inches 

f 


Where  box-tools  are  to  be  used  exclusively  for  taking  light  finishing 
cuts,  the  sections  given  above  can  be  slightly  decreased. 
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CHAPTER  II 


DESIGNING  BOX-TOOLS 

The  designer  of  screw-machine  tools  is  frequently  confronted  with 
difficulties  when  designing  special  box-tools,  owing  to  the  fact  that  the 
Brown  A  Sharpe  automatic  screw  machines  are  very  compact.  This 
makes  it  necessary  to  design  all  the  tools  so  that  they  will  not  interfere 
with  any  part  of  the  machine  or  the  tools  which  are  used  on  the  cross- 
slides.    The  following  considerations  must  also  be  borne  in  mind: 

1.  Character  of  material,  whether  rough  or  cold-drawn. 

2.  Cross-section  of  the  material,  whether  cylindrical,  square,  or 
hexagonal,  etc. 


1    LEAST  OWTAHOE  ^W     1 

(0REATE8T  OWTANOB  WHEN  ' 

0AM  18  OUT  DOWN   IJ^' BELOW 

LARQE6T  DIAMETER^  iH" 
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Flff.  8.    Method  Of  Peterminlng  "LvasXh.  of  Body  and  Shank  of  Box*tool 

3.  Character  of  the  longitudinal  cut,  whether  straight,  tapered  or 
irregular. 

4.  Length  of  the  work  to  be  turned. 

5.  Number  of  different  diameters  to  be  turned. 

6.  Position  of  the  box-tool  in  relation  to  the  cross-slide  tools,  when 
In  action  on  the  work. 

7.  Amount  of  material  to  be  removed  from  the  diameter. 

In  addition  to  the  factors  mentioned,  one  of  the  first  things  to  con- 
sider when  designing  a  box-tool  is  the  length  of  the  body  and  shank 
of  the  tool.  As  a  rule,  the  length  of  the  body  is  governed  by  the  length 
of  the  work  to  be  turned,  especially  when  the  hole  in  the  shank  cannot 
be  made  large  enough  to  let  the  smallest  diameter  of  the  work  pass 
through.  Another  consideration  to  take  into  account  is  the  distance 
from  the  center  of  the  hole  in  the  turret  to  the  side  of  the  chute.  This 
limits  the  width  of  the  box-tool,  and  is  a  governing  factor  in  its  design. 
Still  another  point  which  might  be  mentioned  is  the  distance  between 
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Fiff.  9.  Staodanl  Box-tool  made  by  the 
Brown  it  81iari>e  Mfff.  Oo. 


the  point  where  the  box-tool  cutter  finishes  on  the  work,  and  the  face 
of  the  chuck.  When  this  is  less  than  %  inch  it  is  usually  necessary  to 
have  the  cutter  project  slightly  in  advance  of  the  face  of  the  box-tool 
body. 

If  a  special  box-tool  is  to  be  designed,  it  is  advisable  to  make  a  lay- 
out of  the  machine  on  which  this  tool  is  to  be  used.  A  plan  and  side 
elevation  of  the  turret  and  cross-slides  should  be  drawn,  and  the  tools 
used  on  the  cross-slide  should  also  be  drawn  in  the  positions  they  will 
occupy  when  the  box-tool  Is  in  operation  on  the  work. 

A  method  of  laying  out  a  box- 
tool  for  determining  the  length 
of  the  body  and  shank  is  shown 
in  Fig.  8.  This  diagram  is  for 
a  No.  0  machine,  but  the  same 
principle  can  be  used  for  the 
other  sizes.  When  designing  a 
standard  box-tool,  the  body  is 
made  about  %  inch  less  than 
the  least  distance  between  the 
face  of  the  turret  and  the  face 
of  the  chuck.  The  shank  is  al- 
lowed to  project  through  the  tur- 
ret to  within  %  inch  of  the  %- 
inch  hole  through  the  turret  spindle.  All  the  other  important  points 
regarding  the  design  and  uses  of  supports,  turning-tool  holders,  etc., 
have  been  dealt  with  in  the  previous  chapter,  so  it  will  not  be  neces- 
sary to  enlarge  on  them  here. 

Various  Types  of  Box-tools 

As  there  are  so  many  designs  of  box-tools  in  use,  it  will  be  impossible 
to  mention  all  of  them,  but  a  few  of  the  most  common  designs  will  be 
described.  In  Fig.  9  is  shown  a  standard  box-tool,  as  made  by  the 
Brown  &  Sharpe  Mfg.  Co.  This  box-tool,  as  shown,  carries  two  cutting 
tools.  The  tools  rest  on  a  pin  d  and  are  held  by  set-screws  a  and  5,  and 
by  two  other  set-screws,  not  shown,  which  are  on  the  under  side  of  the 
box-tool.  The  support,  which  is  of  the  V-type,  is  located  at  the  back  of 
the  box-tool  at  an  angle  of  46  degrees  with  the  vertical  center  line,  and 
is  held  by  the  set-screw  c.  This  box-tool  is  used  for  general  work,  for 
turning  both  one  and  two  diameters,  as  required.  When  one  diameter 
is  being  turned,  the  cutter  in  the  rear  is  pushed  back,  out  of  action. 

In  Fig.  10  is  shown  a  standard  finishing  box-tool  which  is  used 
largely  for  steel  work.  In  this  box-tool  the  turning  tool  is  held  in  an 
adjustable  block  A  which  is  adjusted  up  and  down  on  the  body  of  the 
holder  by  the  set-screw  B,  and  held  to  the  body  by  the  cap-screw  C.  A 
projection  is  formed  on  the  body  of  the  box-tool  and  a  corresponding 
groove  is  cut  in  the  block  to  guide.  The  turning  tool  is  held  by  means 
of  two  set-screws  D  and  the  headless  screws  E.  These  latter  are  for 
adjusting  the  turning  tool,  in  order  to  increase  the  clearance  between 
the  tool  and  the  periphery  of  the  work. 
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The  V-flupport  is  held  in  beveled  grooves,  cut  in  the  body  of  the 
holder,  by  two  screws  F  which  pass  through  the  two  parts  of  the  body 
separated  by  a  saw  cut,  thus  binding  them  together.  The  cutting  edge 
of  the  turning  tool  is  located  from  0.010  to  0.012  inch  in  advance  of 
the  face  of  the  supports.     A  hole  is  drilled  through  the  shank  of  the 
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Fiff.  lO.    Flnlshinar  Box- tool  largely  used  for  Steel  Work 

box-tool   for   holding  a   pointing  tool   or   other   internal   cutting  tool, 
which  is  held  with  the  set-screw  G. 

The  value  of  roller  supports  for  turning  aluminum,  cast  iron,  etc., 
has  been  referred  to,  and  in  Fig.  12  is  shown  a  box-tool  of  the  roller- 
support  type,  as  made  by  the  Brown  &  Sharpe  Mfg.  Co.  This  box-tool, 
as  may  be  seen,  is  provided  with  roller  support  for  the  front  cutter, 
and  V-support  for  the  rear  cutter. 


e? 
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Fiff.  11.    Details  of  Box-tool  shown  in  Fl«r.  12 

The  general  design  of  this  box-tool  can  be  seen  in  Fig.  11.  This 
illustration  shows  the  method  of  holding  and  adjusting  the  roller  sup- 
ports. The  supports  A  are  held  by  pins  in  a  slot  cut  in  the  two  blocks 
B,  which  are  adjusted  in  and  out  by  the  knurled-head  screws  C.  The 
blocks  B  are  held  to  the  body  of  the  box-tool  by  cap-screws  D  which  are 
tapped  into  them.  A  slot  is  cut  in  the  body  of  the  holder  in  which  the 
bodies  of  the  cap-screws  slide,  thus  providing  adjustment  for  turning 
different  diameters.  All  the  other  details  of  this  box-tool  can  be  clearly 
seen  from  the  illustration. 
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Some  Interesting  designs  of  box-tools  are  shown  in  Fig.  13.  These 
tools  are  all  made  by  the  Brown  &  Sharpe  Mfg.  Co.,  and  are  used  for 
various  classes  of  work.  At  A  is  shown  a  box-tool  which  is  equipped 
with  three  turning  tools,  and  three  sets  of  V-supports.  The  turning-tool 
and  V-support  holders  a,  h  and  c  are  made  in  one  piece  and  are  held  to 
the  body  of  the  box-tool  by  cap-screws.  A  tongue  is  formed  on  the 
base  of  the  holders,  which  fits  in  a  longitudinal  groove  cut  in  the  box- 
tool  body.  It  will  be  noticed  that  the  supports  in  this  case  are  double 
supports,  that  is,  they  are  notched  on  both  ends,  the  purpose  of  this 
being  to  increase  their  range.  The  end  of  the  support  shown  facing 
the  turning  tool  is  for  work  of  small  diameter,  while  the  end  projecting 
from  the  box-tool  is  for  work  of  a  larger  diameter.    This  box-tool  can 


Flff.  12.    Box-tool  of  the  RoUer  Support  Type 

be  used  either  for  roughing  or  for  finishing  work,  and  is  especially 
adaptable  to  work  having  three  different  diameters. 

At  B  is  shown  a  box-tool  with  two  cutting  tools,  but  with  only  one 
support.  It  will  be  noticed  in  this  case  that  the  holders  for  the  turn- 
ing tools  are  very  narrow,  thus  permitting  the  tools  to  be  set  close 
together.  The  box-tool  shown  at  C  has  two  turning  tools  which  are 
set  close  together.  A  hole  is  drilled  through  the  shank,  and  a  set-screw 
is  provided  for  holding  a  centering  or  other  internal  cutting  tool.  At  D 
is  another  box-tool  similar  to  that  shown  at  C,  except  that  the  supports 
in  this  case  are  double-ended.  ^  is  a  finishing  box-tool  having  two 
turning,  tools.  F  is  a  box-tool  of  similar  design,  but  carrying  only  one 
turning  tool.  G  is  a  pointing  and  centering  tool,  the  bushing  for  which 
is  shown  at  H.  /  is  a  pointing  tool  of  a  somewhat  similar  design  to 
that  shown  at  G.  J  and  K  are  also  pointing  tools  which  are  used 
largely  for  small  work.  These  illustrations  show  clearly  the  design  of 
box-tools  which  are  used,  in  general,  for  automatic  screw  machine  work. 
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Swing  tools,  besides  being  used  extensively  for  internal  cutting,  are 
also  used  for  external  work.  There  are  some  cases  where  a  box-tool  or 
a  circular  form  tool  cannot  be  used,  owing  to  the  irregular  contour  of 
the  work,  or  its  length  in  proportion  to  its  diameter.  A  form  tool  can 
be  used  where  the  length  of  the  work  being  turned  is  not  more  than 
from  2^^  to  3  times  its  diameter,  but  when  it  exceeds  this,  it  is  neces- 
sary to  use  some  other  type.  For  this  class  of  work,  a  swing  tool  such 
as  that  shown  in  Fig.  14  can  be  used  to  advantage.  The  work  can  be 
roughed  down  with  this  tool  and  finished  with  a  shaving  tool,  which 
will  bring  it  to  the  correct  shape,  and  also  to  the  desired  diameter. 
(The  use  of  shaving  tools  will  be  taken  up  in.  a  subsequent  chapter.) 
This  tool,  of  course,  can  only  be  used  when  the  diameter  of  the  work 
is  large  enough  to  make  a  support  unnecessary. 


Fior.  17.    8wlxkir-tool  tuMd  when  the  Work  Tamed  must  be  Supported 


The  swing  tool  shown  in  Fig.  14  can  be  used  on  work  of  small  diam- 
eter by  the  insertion  of  the  support  shown  in  Fig.  15.  This  support  is 
inserted  in  the  hole  in  the  shank  of  the  holder  and  is  held  by  a  set- 
screw  screwed  into  the  shank.  The  support  B  is  of  the  V-type  and 
is  held  by  a  set-screw  A.  They  are  set  in  advance  of  the  turning  tool, 
so  that  the  work  will  be  well  supported  while  being  turned.  In  cases 
where  there  is  not  sufficient  room  to  use  a  support  as  shown  in  Fig.  15, 
a  support  as  shown  in  Fig.  16  can  be  used.  This  support  precedes  the 
cutting  tool,  and  half  of  the  support  is  cut  away  at  C,  about  %  inch 
from  the  end,  so  that  the  turning  tool  can  reach  the  work. 

Another  tool  which  gives  very  satisfactory  results  for  this  class  of 
work  is  shown  in  Fig.  17.  This  tool  is  provided  with  a  telescopic  sup- 
port which  recedes  into  the  holder  as  the  tool  advances  on  the  work. 
The  other  features  of  this  tool  are  similar  in  design  to  the  standard 
swing  tools.  Mention  might  be  made,  however,  of  the  method  of  hold- 
ing the  telescopic  support  A.  A  sleeve  B  is  driven  into  the  body  and 
shank  of  the  holder  C,  and  is  held  by  the  headless  screw  D.  The  sup- 
port proper  is  turned  down  on  the  shank,  so  that  an  open-wound  coil 
spring  can  be  inserted  behind  it     The  support  is  kept  from  being 
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forced  out  of  the  holder  by  a  screw  E  which  Is  tapped  into  it,  and 
which  has  a  head  larger  than  the  hole  through  the  end  of  sleeve  B. 
This  method  of  supporting  the  work  is  found  to  give  satisfactory  re- 
sults when  turning  work  of  very  small  diameter.  It  is  preferable,  when 
using  this  tool,  to  point  the  end  of  the  work  so  that  it  fits  snugly  in 
the  cone-pointed  hole  in  the  end  of  the  support. 

A  tool  for  delicate  turning  similar  to  that  in  Fig.  17,  is  shown  in 
Fig.  18,  where  the  rising  blocl^  which  operates  it  is  also  shown.  The 
only  difference  in  this  tool  from  that  just  described  is  that  the  turning 
tool  W  is  off-set.  The  turning  tool  is  held  as  shown  in  the  swinging 
member  V,  which  is  pivoted  to  the  front  end  of  the  shank  T  by  a 
stud  U.  The  tool  W  is  fed  in  to  the  work  by  the  pusher  8  pressing 
against  the  set-screw  Y,  tapped  into  the  swinging  member  F. 

Thus  far  we  have  confined  our  attention  to  tools  used  for  straight 
turning;  but,  of  course,  taper  work  can  also  be  done  on  the  automatic 

screw  machine  if  a  suit- 
able tool  is  provided. 
A  tool  which  can  be 
used  for  taper  turning 
is  shown  in  Fig.  19. 
Xhis  is  the  standard 
taper  turning  tool  made 
by  the  Brown  &  Sharpe 
Mfg.  Co.  and  is  recom- 
mended for  taper  turn- 
ing when  accurate 
work  is  desired.  The 
illustration  shows  the 
taper  turning  tool  and 
the  rising  block  for  op- 
erating it.  This  rising 
block  can  be  set  at  any 
desired  angle;  the  an- 
gle to  which  the  rising 
block  is  set,  governs 
the  taper  on  the  work. 

Flar.  18.    Swinff  Tool  for  DeUcate  Turning  When   lu   Operation,   tlliS 

rising  block  presses  on  the  point  of  screw  a.  which  forces  the  holders 
carrying  the  supports  and  turning  tool  out  from  the  center. 

A  clearer  idea  of  the  operation  of  this  taper  turning  tool  can  be 
obtained  by  referring  to  Fig.  20.  In  this  illustration  an  end  view, 
longitudinal  section  and  cross-section  are  shown  at  A,  B  and  C,  re- 
spectively, to  illustrate  the  working  mechanism  of  this  tool.  As  the 
rising  block  (shown  in  Fig.  19)  presses  against  the  point  of  the 
screw  a,  which  is  tapped  into  sleeve  5,  it  forces  the  latter  in  the 
direction  of  the  arrow.  Now  as  the  sleeve  h  is  forced  in,  it  pulls  on  the 
band  spring  c,  which  is  attached  to  the  circular  block  d,  thus  turning 
the  latter  around  in  the  direction  of  the  arrow.  The  band  spring  is 
made  from   sheet  steel,   5/16   inch   wide  by  0.012   inch   thick,   which 


Digitized  by  CjOOQ iC 


BOX  TOOLS 


23 


is  left  soft.  This  spring,  as  shown,  is  fastened  in  a  slot  cut  in  the 
circular  block  d.  The  circular  block  d  has  eccentric  projections  e 
formed  on  it,  which  fit  in  slots  cut  in  the  tool-holder  /  and  support- 
holders  g.  From  a  study  of  the  illustration  it  can  be  seea  that  as  the 
sleeve  6  is  forced  in,  it  carries  the  spring  c  forward,  thus  rotating  the 
circular  block  d  in  the  direction  of  the  arrow  and  forcing  the  holders 
carrying  the  supports  and  turning  tools  out  from  the  center. 


Fiff.  19.    standard  Taper  Turning-  Tool 

In  the  end  view  shown  at  A  the  turning  tool  and  support  holders  are 
shown  in  the  position  they  occupy  before  the  rising  block  operates  on 
the  holder.  The  supports  and  turning  tool  can  be  adjusted  independ- 
ently of  each  other  by  the  set^screws  h,  and  are  held  by  the  fillister 
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Flff.  20.    Details  of  Taper  Tnmlnir  Tool  shown  In  Vlg.  19 

screws  i.  After  the  turret  drops  back,  disconnecting  the  screw  a  from 
the  rising  blo^k,  the  turning  tool  and  supports  are  returned  to  their 
former  position  by  means  of  the  coil  spring  ;  (shown  at  B)  which  is 
held  in  an  annular  groove  cut  in  the  rear  of  the  circular  block  d.  The 
spring  ;  presses  against  a  pin  k  (shown  at  C)  which  is  riveted  to  a 
plate  I;  this  plate  is  held  to  the  shank  of  the  holder  by  a  pin  fitting 
in  a  slot.  Plate  I  is  held  up  against  the  outer  casing  of  the  holder  by 
the  nut  m,  screwed  onto  the  shank  of  the  holder. 
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CHAPTER  III 


HOLLOW  MILLS— SPEEDS  AND  FEEDS 

For  roughing  down  work,  especially  brass  work,  a  hollow  mill  is 
found  to  give  very  satisfactory  results.  Two  hollow  mills  of  the  solid 
type  are  shown  in  Fig.  21.  These  hollow  mills  are  ground  for  steel 
work,  a  rake  being  given  to  the  cutting  edge.  This  is  found  to  give 
better  results  on  steel  than  having  the  cutting  faces  of  the  blades 
parallel  with  the  center  line. 


Fiff.  21.    HoUow  MlUs  of  the  SoUd  Type 

The  proportions  for  hollow  mills  and  the  cutting  angles  for  various 
materials  are  given  in  Table  I.  The  sizes  from  0.065  to  0.462  inch 
given  in  column  A  are  worked  out  for  roughing  mills  for  the  A.  S.  M.  E. 
standard  and  special  machine  screw  sizes,  an  allowance  of  from  0.005  to 
0.015  inch  being  made  for  finishing.  These  mills  can  be  made  to  cut 
smaller  by  using  a  collar  on  them.  In  making  these  hollow  mills,  they 
should  be  reamed  out  tapering  from  the  rear,  so  that  the  blades  will  clear 


Fig.  22.    HoUow  MiU  of  the  iDserted-blade  Type 

'^nd  not  drag  on  the  work.  A  taper  of  from  about  1/8  to  3/16  inch 
per  foot  is  generally  satisfactory.  For  steel  work  the  cutting  edge 
is  set  about  1/10  of  the  diameter  ahead  of  the  center,  but  for  brass 
work  it  should  be  on  the  center  line.  Hollow  mills  for  cutting  steel 
are,  as  a  rule,  made  either  from  steel  containing  a  very  high  percentage 
of  carbon,  or  from  high-speed  steel.  When  high  speeds  are  used,  high- 
speed steel  is  preferable. 

A  hollow  mill  of  the  inserted-blade  type  is  shown  in  Fig.  22.     This 
is    used    extensively    for   screw    machine    work;    although    its    use    is 
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XABXiB  I.     OUTTINO  ANOZiBS  AHD  PBOPOBTION8  FOR  HOLLOW  MILLS 
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Cutting  Anffles  for  HoUow  MiUa                                        1 

Anarle 

Brass  Rod 

Machine  Steel 

Tool  Steel 

a 

8  degrees 

15  degrees 

10  degrees 

/? 

8  degrees 

5  degrees 

8  degrees 

^ 

15  degrees 

10  degrees 

Proportions  for  Hollow  Mills                                           1 

A                  £ 

C 

D 

E 

P 

G 

0.065           i 

0.007 

0.020 

0.078           i 

0.008 

0.020 

0.091           i 

0.009 

0.025 

0.105           i 

0.011 

0.025 

0.120           i 

0.012 

0.025 

0.185           i 

0.014 

0.080 

0.148           i 

0.015 

0.080 

1 

0.161           i 

0.016 

0.085 

A 

0.174           i 

0.017 

0.085 

A 

0.187           i 

0.019 

0.040 

A 

0.200           i 

■ 

0.020 

0.040 

A 

0.226           i 

] 

0.028 

0.045 

ft 

0.252           i 

\ 

0.025 

0.045 

ft 

0.280           1 

\ 

0.028 

0.050 

1 

0.805           i 

\ 

0.081 

0,060 

1 

0.882           i 

i 

0.088 

0.065 

1 

0.858           i 

• 

0.086 

0.070 

ft 

0.885          1 

21 

0.089 

0.075 

5' 

0.410          1 

2| 

0.041 

0.080          X       1 

0.486          1 

21 

0.044 

0.085 

i 

0.462          1 

21 

0.046 

0.090 

0.480          1 

2i 

0.048 

0.095 

0.615          1 

21 

0.052 

0.100 

0.578          1 

21 

0.058 

0.105 

0.640          1 

21 

0.064 

0.110 

0.708          1 

21 

. 

1 

0.070 

0.115 

0.765          1 

21 

■ 

1 

0.077 

0.120 
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No.  102— SCREW  MACHINE  PRACTICE 


mainly  confined  to  hand  screw  machines  it  Is  sometimes  also  applied 
to  the  automatics.  This  mill  is  provided  with  three  cutting  blades, 
which  are  held  in  the  body  of  the  holder  by  clamp-bolts  fitting  in 
beveled  slots  cut  in  the  blades.  The  clamp-bolts  are  held  by  means  of 
nuts  located  at  the  rear  of  the  body.  The  blades  are  sharpened  by  grind- 
ing on  the  ends,  and  can  be  adjusted  for  diameter  by  simply  releasing 
the  nuts  and  moving  the  blades  out  or  in  by  hand. 

Hollow  Mill  Holders 
When  hollow  mills  of  the  solid  type  are  used,  it  is  necessary  to  have 
a  holder  which  can  be  set  so  that  the  mill  will  cut  concentric.     A 

TABLB  n.    FBBDS  FOR  BOUOHINa  BOX.TOOIiS-<n7TTBR8  UADB  FROM 
HIOH-SPBHD  AND  OABBON  STfinii 


^inch  Chip 


t 

A 
t 


m 
111 


0.0020 
0.0080 
0.0040 
0.0050 
0.0060 
0.0075 


Hi 


0.0015 
0.0020 
0.0080 
0.0040 
0.0045 
0.0050 


ill 
III 


0.0010 
0.0015 
0.0020 
0.0025 
0.0080 
0.0085 


^inch  Chip 


i 
f 

i 
A 


0.0045 

0.0080 

0.0060 

0.0040 

0.0090 

0.0060 

0.0105 

0.0070 

0.0120 

0.0080 

0.0185 

0.0090 

0.0150 

0.0100 

0.0020 
0.0025 
0.0080 
0.0040 
0.0050 
0.0060 
0.0075 


f-inch  Chip 


I 

A 

i 

» 


III 

OS 

JlJ 

1^1 

0.0045 

0.0080 

0.0050 

0.0085 

0.0060 

0.0040 

0.0070 

0.0050 

0.0085 

0.0060 

0.0100 

0.0070 

1^1 

1^5 


0.0020 
0.0025 
0.0080 
0.0085 
0.0040 
0.0050 


A-inch  Chip 


i 

A 
I 
H 
* 


0.0040 

0.0025 

0.0045 

0.0080 

0.0050 

0.0082 

0.0055 

0.0085 

0.0060 

0.0040 

0.0070 

0.0045 

0.0075 

0.0050 

0.0015 
0.0018 
0.0020 
0.0028 
0.0025 
0.0028 
0.0080 


holder  which  is  used  for  this  purpose,  and  which  gives  satisfactory 
results,  is  the  standard  floating  holder  made  by  the  Brown  &  Sharpe 
Mfg.  Co.  In  setting  a  hollow  mill,  the  screws  holding  the  floating  part 
of  the  holder  to  the  body  proper  are  released  and  the  mill  is  set  con- 
centric. It  is  desirable  to  turn  a  bevel  on  the  end  of  the  work  to 
facilitate  the  setting  of  the  hollow  mill. 

Speeds  for  External  Cutting  Tools 

The  following  speeds  are  for  external  cutting  tools  such  as  box-tool 
cutters,  hollow  mills,  etc.,  made  from  ordinary  carbon  and  high-speed 
steel,  but  do  not  apply  to  circular  cut-off  or  form  tools.  The  speeds  are 
intended  for  average  conditions  on  the  materials  specified. 
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SPBBD8  FOB  BOX-TOOL  OUTTBBS  AND  HOLLOW  MILLS  MADB  FBOM 
ORDINABY  OABBON  8TBBL 

Surface  Speed  in  Feet 
Biaterial  per  Minute 

Brass  (ordinary  quality) 170  —  180 

Gun  screw  iron • 70  —   80 

Norway  iron  and  machine  steel 60  —   70 

Drill  rod  and  tool  steel 35—40 

SPBBDS  FOB  BOX-TOOL  CUTTBBS  AND  HOLLOW  MILLS  MADB  FBOM 
HIOH-SFBBD  STBBL 

Surface  Speed  in  Feet 
Material  per  Minute 

Braes  (ordinary  quality) 260  —  270 

Gun  screw  iron 100  — 120 

Norway  iron  and  machine  steel , 90  — 100 

Drill  rod  and  tool  steel 50  —   60 


TABLE  m.    FEBDS  FOB  FINISHING  BOX-TOOLS— OUTTBBS  MADB  FBOM 
HIOH-SPBBD  AND  CABBON  STBBL 


0.005-inch  Chip 


0.020-inch  Chip 


I 

i 

i 
A 
» 


i 
A 


III 

I'll 

lll 

PI 

^ 

0.0020 

0.0020 

0.0080 

0.0080 

0.0045 

0.0045 

0.0060 

0.0060 

0.0070 

0.0070 

0.0080 

0.0080 

0.0100 

0.0100 

0.0120 

0.0120 

0.0018 
0.0020 
0.0025 
0.0080 
0.0040 
0.0050 
0.0060 
0.0080 


0.010-faich  Chip 


0.0070 

0.0070 

0.0080 

0.0080 

0.0086 

0.0085 

0.0090 

0.0090 

0.0095 

0.0095 

0.0100 

0.0100 

0.0100 

0.0100 

0.0085 
0.0040 
0.0045 
0.0050 
0.0055 
0.0060 
0.0065 


♦ 

A 
i 
A 


m 

h 

m 

hi 

0.0040 

0.0040 

0.0045 

0.0045 

0.0050 

0.0050 

0.0060 

0.0060 

0.0070 

0.0070 

0.0075 

0.0075 

0.0080 

0.0080 

0.0090 

0.0090 

III 

111 


0.0025 
0.0080 
0.0085 
0.0085 
0.0040 
0.0045 
0.0050 
0.0050 


0.080-inch  Chip 


A 

i 
H 

i 


0:0040 

0.0040 

0.0045 

0.0045 

0.0050 

0.0050 

0.0055 

0.0055 

0.0060 

0.0060 

0.0070 

0.0070 

0.0080 

0.0080 

0.0020 
0.0022 
0.0025 
0.0028 
0.0080 
0.0085 
0.0040 


Feeds  for  Rou^hiner  and  Flnishiner  Boz-tools 
In  Table  II  are  given  feeds  for  roughing  box-tools  in  which  the 
cutters  are  made  from  highspeed  and  carbon  steel,  and  in  Table  III 
are  given  feeds  for  finishing  box-tools  in  which  the  cutters  are  made 
from  high-speed  and  carbon  steel.  These  feeds  will  give  satisfactory 
results  under  proper  conditions.  The  feeds  for  roughing,  of  course, 
could  in  some  cases  be  increased  if  conditions  would  permit,  but  as  a 
rule  the  feeds  given  are  sufficiently  high. 
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TABMMV.    FBK>8  FOR  TURNINQ  WITH  SWING  TOOL8-OX7TTBR8  MADB 
FROM  HIGH-BPRBD  AND  CARBON  8TBBL 


A-lnch  Chip 

i-inch  Chip 

"1 
"1" 

ill 
III 

III 

ill 

J  la 

jH 

A 

0.0010 

0.0008 

0.0005 

f 

0.0020 

0.0015 

0.0010 

i 

0.0015 

0.0010 

0.0008 

A 

0.0025 

0.0018 

0.0015 

A 

o.ooao 

0.0015 

0.0010 

\ 

0.0080 

0.0020 

0.0018 

i 

0.0080 

0.0020 

0.0015 

A 

0.0085 

0.0025 

0.0020 

A 

0.0085 

0.0025 

0.0018 

T 

0.0088 

0.0028 

0.0022 

» 

0.0040 

0.0080  0.0020 

H 

0.0042 

0.0080 

0.0025 

^^•inch  Chip 

A-lnch  Chip                      1 

i 

0.0025 

0.0020 

0.0010 

i 

0.0020 

0.0010 

0.0008 

A 

0.0080 

0.0022 

0.0018 

A 

0.0025 

0.0018 

0.0010 

1 

0.0085 

0.0025 

0.0015 

* 

0.0028 

0.0015 

0.0012 

A 

0.0040 

0.0028 

0.0018 

\\ 

0.0080 

0.0018 

0.0015 

+ 

0.0045 

0.0080 

0.0020 

i 

0.0085 

0.0020 

0.0018 

A 

0.0050 

0.0082 

0.0025 

il 

0.0088 

0.0022 

0.0020 

i 

0.0060 

0.0085 

0.0028 

Y 

0.0040 

0.0025 

0.0020 

TABIiB  V.    FBBDS  FOR  HOLLOW  MILLS  MABB  FROM  HTQH-SPHBD 
AND  CARBON  STBBL 


^-inch  Chip 


A 

i 
A 

f 

A 
i 


t 


0.0045 
0.0050 
0.0055 
0.0060 
0.0070 
0.0080 


0.0080 
0.0040 
0.0045 
0.0050 
0.0050 
0.0060 


0.0015 
0.0018 
0.0020 
0.0025 
0.0028 
0.0030 


i-inch  Chip 


I 
A 
i 

A 

il 
f 


0.0070 
0.0075 
0.0080 
0.0090 
0.0110 
0.0180 
0.0150 


0.0050 
0.0055 
0.0060 
0.0U65 
0.0075 
0.0090 
0.0110 


0.0080 
0.0085 
0.0040 
0.0050 
0.0060 
0.0070 
0.0080 


^inch  Chip 


J^ 

llj 

i 

0.0060 

0.0045 

A 

0.0065 

0.0050 

« 

0.0070 

0.0055 

W 

0.0080 

0.0060 

* 

0.0090 

0.0065 

H 

0.0100 

O.OOTO 

1 

III 

-if 


0.0020 
0.0028 
0.0025 
0.0080 
0.0085 
0.0040 


i-inch  Chip 


* 

9 


0.0050 
0.0055 
0.0060 
0.0070 
0.0080 


0.0085 
0.0040 
0.0050 
0.0055 
0.0060 


0.0016 
0.0018 
0.0020 
0.0025 
0.0080 
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Feeds  for  TumlnGr  with  Swlner  Tools 
Owing  to  the  fact  that  swing  tools  are  not  so  rigidly  constructed  as 
the  ordinary  hox-tools,  it  has  been  found  advisable  to  decrease  the 
feeds  slightly  below  those  used  for  box-tools.  Feeds  which  have  been 
found  satisfactory  for  straight  turning  with  swing  tools  are  given  in 
Table  IV.  These  feeds  are  about  30  per  cent  leas  than  those  used  for 
box-tools. 

Feeds  for  Taper  Tuminer 

For  taper  or  Irregular  turning  with  swing  tools,  the  greatest  depth 
of  the  chip  should  be  considered,  and  the  same  feed  used  as  that  given 
in  Table  IV.  For  taper  turning  with  the  Brown  &  Sharpe  standard 
taper  turning  tools,  the  greatest  depth  should  be  considered,  and  the 
same  feed  used  as  given  in  Tables  II  and  III  for  roughing  and  finishing 
cuts,  respectively.  Where  the  taper  is  greater  than  %  inch  per  foot, 
it  is  advisable  to  use  two  taper  turning  tools,  one  for  roughing,  and 
one  for  finishing. 

Feeds  for  Hollow  Mills 

In  Table  V  are  given  feeds  for  hollow  mills  which  are  made  from 
ordinary  cstrbon  or  high-speed  steel.  These  feeds  apply  both  to  hollow 
mills  of  the  solid  and  inserted-blade  types  and  are  for  taking  a  chip 
of  from  1/16  to  1/4  inch  deep.  The  feeds  given  are  not  excessively 
high,  and  in  some  cases  could  be  increased,  especially  when  the  work 
is  not  exceedingly  long,  and  when  the  tool  would  liot  be  on  the  work 
for  a  considerable  time. 
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ANGULAR  CUTTING  TOOLS 

When  it  is  necessary  to  form  the  end  of  the  work  cone-shaped  and 
produce  a  sharp  point,  a  tool  which  is  fed  in  similarly  to  an  ordinary 
cut-off  tool  does  not  give  satisfactory  results.  An  example  of  this  class 
of  work  and  the  attachment  used  for  forming  it  are  shown  in  Fig.  23. 
The  work,  which  is  shown  at  A,  is  a  hlank  for  a  comhination  drill  and 
countersink.  The  angular  cutting-off  attachment  consists  mainly  of  a 
bracket  B,  which  is  fastened  to  the  machine  by  two  cap-screws  C.  These 
screws  are  located  in  the  holes  which  are  used  for  fastening  the  slot- 
ting, cross-drilling  and  burring  attachments  to  the  machine.  The  slid- 
ing member  D,  fitting  in  dovetailed  grooves  cut  in  the  bracket  B,  is 
used  for  holding  an  ordinary  circular  forming  tool  E,  which  Is  held  to 
this  sliding  member  by  cap-screw  F.  The  usual  means  for  adjusting 
the  circular  tool  is  provided;  this  consists  of  an  eccentric  cap-screw  G 
and  a  plate  H,    The  eccentric  screw  G  is  locked  by  screw  /. 

Attached  to  the  sliding  member  D  is  a  rack  J  held  by  a  screw  iT  in  a 
groove  cut  in  the  slide.  This  rack  meshes  with  gear  L  which,  in  turn, 
meshes  with  gear  M  in  contact  with  rack  N,  Rack  N  is  attached  to 
the  cro8&«lide  by  means  of  a  block  O  held  in  the  T-slot  cut  in  the 
cross-slide,  by  a  block  Q  and  two  screws  P.  The  gears  L  and  M  are 
held  on  studs  R  and  8  fitted  with  bronze  sleeves  on  which  the  gears 
rotate.  These  bronze  sleeves  are  provided  with  oil  grooves,  and  oil 
holes  are  drilled  through  the  studs,  so  that  a  copious  supply  of  oil 
is  given  to  the  bearings. 

The  operation  of  this  attachment  is  as  follows:  As  the  cross-slide 
advances,  rack  N  attached  to  it  rotates  gear  M  which,  in  turn,  through 
gear  L  and  rack  J,  forces  slide  D  in  as  indicated.  Slide  D  is  returned 
to  its  former  position  in  a  similar  manner  when  the  cross-slide  drops 
back.  The  circular  tool  E  follows  a  diagonal  line  of  travel  so  that 
the  point  on  the  work  is  turned  to  the  correct  angle.  Thus  a  very  fine 
point  can  be  made  on  the  work,  as  no  pressure  is  brought  to  bear  on 
the  part  being  severed,  the  weight  of  the  work  alone  breaking  it  off. 

An  angular  turning  tool  which  is  constructed  on  a  different  principle 
from  that  shown  in  Fig.  23  is  shown  in  Fig.  24.  This  tool  is  held  In 
the  turret,  and  is  operated  by  a  rising  block  held  on  the  cross-«lide. 
The  construction  of  this  tool  is  as  follows:  Attached  to  the  body  A  by 
a  shouldered  screw  B  is  a  plate  C.  Tapped  into  plate  C  is  a  screw  D, 
checked  by  a  nut  E.  The  sliding  member  F,  fitting  over  dovetailed 
ways  formed  on  the  angular  face  of  holder  A,  is  attached  to  block  C 
by  means  of  a  screw  G.  The  tool-holder  H  is  made  integral  with  the 
sliding  member  F,  and  holds  the  turning  tool  /,  which  is  held  in  a  slot 
cut  in  the  holder,  by  two  headless  screws  J,  and  rests  on  a  pin  K, 
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In  operation,  as  the  rising  block  presses  on  screw  D,  it  swivels  block 
C  on  screw  B,  and  as  block  C  Is  attached  to  slide  JP  by  screw  G,  it 
carries  the  slide  along  the  face  of  the  tool-holder,  thus  turning  the 
recess  in  the  work  as  shown  at  L.  When  the  rising  block  drops  back, 
the  tool-slido  F  is  returned  by  a  coiled  spring  M  held  in  body  A, 
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Flff.  28.    Oroas-sllde  Anffolar  Outtlnff-off  Tool 

through  a  spring  plunger  N  pressing  against  a  pin  0  held  in  the  sliding 
member  F.  A  gib  and  adjusting  screws  are  also  provided  to  make  al- 
lowance for  wear.  A  bushing  P  held  in  the  body  of  the  holder  by  a 
screw  Q  supports  the  forward  end  of  the  work,  while  the  recess  is 
being  turned. 

An  angrular  cutting-off  tool  which  is  held  in  the  turret  and  operated 
by  a  rising  block  is  shown  in  Figs.  25  and  26.     The  rising-block  for 
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operating  thia  tool,  which  is  held  on  the  front  cross-slide,  is  shown 
in  Fig.  25.  The  construction  of  the  holder,  however,  is  more  clearly 
shoVn  in  Fig.  26.  All  the  parts  in  these  two  Illustrations  bear  the  same 
reference  letters.  The  cutting-off  blade  B  is  held  in  a  slot  in  the! 
tool-slide  C  by  adjusting-screws  D  and  F  and  rests  on  pin  E.     Slide 


Fiff.  24.    Back  Reoasslnflr  Tool  for  Small  Work 

*C  is  gibbed  to  a  dovetailed  guide  on  slide  carrier  G.  This  latter 
member  is  pivoted  to  the  body  H  of  the  tool,  the  center  of  the  pivot 
being  the  axis  of  bolt  J,  and  is  clamped  by  screw  K  in  the  proper 
location  to  guide  slide  G  in  forming  the  desired  angle  on  the  point  of 
the  work. 


Fiff.  25.    Anirular  Outtinir-off  Tool  held  in  Turret  and  operated 
by  a  Rl8  ng-  Block 

The  tool-slide  C  has  attached  to  it  a  rack  which  meshes  with  the 
32-pitch  pinion  L,  pivoted  to  the  under  side  of  G.  Pinion  L  meshes 
with  a  similar  pinion  M  pivoted  in  a  hole  In  the  body  of  the  tool  about 
the  center  of  bolt  J,  so  that  the  correct  relations  between  them  are 
preserved,  whatever  the  angular  adjustment  of  G  on  H.  Pinion  M 
meshes  with  rack-teeth  cut  in  plunger  A^.    This  is  best  seen  in  Fig.  26. 
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This  plunger  N,  as  can  be  seen  in  the  side  elevation,  has  at  its  front 
end  a  projection  extending  upward  and  bearing  against  a  plunger  O 
in  the  hole  above  it,  which  is  pressed  outward  by  a  spring.  By  this 
means  3V  is  normally  kept  at  the  outer  end  of  its  movement,  being 
limited  in  this  direction  by  the  seating  of  screw  P  in  the  recess  pro- 
vided for  it  in  the  body  H  of  the  tool.  In  this  position  the  tool  slide 
is  withdrawn  so  that  the  blade  clears  the  work. 


FRONT^  VIEW 
WTTM  TOOC-MOCDCR  RCWOVCO 


SIDE  ELEVATION 

WrTH  TOOL-HOLOER  RCMOVEO 


Flff.  20.    Detlklla  of  Tool  shown  in  Pi^.  25 

The  front  end  of  N  is  provided  with  a  knurled  screw  Q  and  lock-nut 
R,  These  are  so  located  as  to  be  in  line  with  the  pusher  S,  Fig.  26, 
which  is  attached  to  the  front  cross-slide  of  the  machine.  The  cutting- 
off  is  effected  by  the  movement  of  the  cross-slide  and  pusher  S.  This 
bears  on  screw  Q,  presses  plunger  :n  inward,  revolving  pinions  M  and 
L,  which,  in  turn,  acting  on  the  rack  attached  to  the  tool-slide,  move 
cutter  B  inward,  severing  the  work  from  the  bar  and  forming  the 
bevel  point.  The  length  of  the  inward  travel  of  the  tool  is  adjusted 
by  screw  Q  and  lock-nut  R.  For  this  operation  the  swiveled  member 
B  on  the  rising  block  need  not  be  set  at  an  angle,  as  the  turret  tool 
does  not  travel  along  its  face,  the  pusher  being  used  for  forcing  in 
the  cutting-o£f  slide  only  in  a  radial  direction. 
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SHAVING  TOOLS 

When  forming  work  of  Irregular  contour.  In  the  automatic  screw 
machine,  it  Is  common  practice  to  use  a  shaving  tool,  which  is  oper- 
ated tangentially  to  the  work  and  passes  either  under  it  or  over  it 
as  conditions  may  require.  It  is  customary  to  place  the  shaving  tool 
on  the  rear  cross-slide,  so  that  the  shaving  operation  can  be  accom- 
plished at  the  same  time  as  the  turret  operations,  when  the  spindle  is 
running  forward. 

Shaving  tools  are  made  from  high-carbon  tool  steel.  On  the  top 
face  of  the  tool  the  irregular  contour  to  be  reproduced  on  the  work  is 


Flff.  27.    Shaving-  Tool  for  Forming  Lonff  Work 

formed.  High-speed  steel,  as  a  rule,  does  not  give  very  satisfactory 
results,  owing  to  the  fact  that  to  get  the  best  results  from  this  steel, 
high  peripheral  velocities  must  be  used;  but  when  high  peripheral 
velocities  are  used,  the  extreme  cutting  edge  of  a  high-speed  steel  tool 
becoms  ragged  and  will  not  produce  a  smooth  finish. 

It  is  not  necessary,  when  applying  a  shaving  tool  to  the  work,  to 
Incline  it  at  an  angle  to  the  horizontal  plane  to  any  great  extent  The 
best  results  are  obtained  by  holding  the  tool  practically  horizontal, 
so  that  when  passing  under  the  work,  the  forward  end  of  the  tool  is  at 
approximately  the  same  height  as  the  rear  part.  This  produces  a 
smooth  finish  on  the  work,  as  the  shaving  tool  burnishes  it  after  re- 
moving the  material. 

Shaving  tools  are  used  to  follow  a  circular  forming  tool  to  produce 
a  smooth  finish,  as  well  as  to  completely  form  the  work,  finishing  it 
without  having  rough  formed  it  with  any  other  tool.  Where  the  work 
has  not  been  roughed  down  previous  to  shaving,  a  larger  cutting  angle 
is  necessary,  and  if  the  work  is  long  in  proportion  to  its  diameter,  the 
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tool  should  be  ground  with  two  cutting  angles  A  and  B,  as  shown  in 
Fig.  27,  so  that  the  extreme  point  of  the  tool  will  be  where  the  ^greateat 
amount  of  material  is  to  be  removed.  This  produces  a  shearing  cut 
and  removes  the  material  more  easily.  The  angles  on  the  type  of 
shaving  tool  shown  in  Fig.  27  for  cutting  the  materials  specified  below 
are  as  follows: 

Material  Cuttinsr-aiiffleB  hi  Decrees 

Brass  rod A  =  20,  B  =  30,  C  =  10; 

Machine  steel A  =  30,  B  =  40,  C  =  15; 

Tool   eteel.. A  =  40,  B  =  50,  C  =  15; 

While  the  shaving  tool  shown  in  Fig.  27  is  used  extensively  on  the 
automatic  screw  machine,  it  is  difficult  to  harden  because  of  its  length. 
If  sufficient  care  is  not  exercised  it  will  be  distorted,  and  when  the  con- 
tour is  of  such  a  shape  that  it  is  impossible  to  grind  the  form  after 
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Flff.  28.    Type  of  StasTlnff  Tool  used  In  the  Shaving-tool  Holder 
shown  in  FiflT.  29 

hardening,  this  becomes  an  objectionable  feature.  A  shaving  tool 
which  does  not  present  the  same  difficulty  in  hardening  is  shown  in 
Fig.  28.  This  shaving  tool  is  a  short  block  which  is  held  in  the  holder 
shown  in  Fig.  29.  A  support  is  also  provided  so  that  the  work  need 
not  be  supported  from  the  turret  except  when  the  length  being  shaved 
is  long  in  proportion  to  the  diameter.  Owing  to  the  rigidity  of  the 
support,  the  cutting-angle  can  be  less  than  the  angle  A  shown  in  Fig. 
27.  The  cutting-angles  on  the  shaving  tool  shown  in  Fig.  28  for  cutting 
various  materials  are  as  follows: 

Material  Cuttinff-anffles 

Brass   rod a  =  10  deg.  /3  =  10  deg. 

Machine  steel a  =  15  deg.  /3  =  15  deg. 

Tool  steel o  =  20  deg.  /3  =  15  deg. 

The  chief  use  of  this  tool  is  for  finishing  work  after  it  has  been 
rough  formed  with  a  circular  form  or  other  external  cutting  tool.  As 
the  support  passes  over  the  work  after  shaving,  a  burnished  appearance 
is  the  result;  of  course,  it  is  absolutely  necessary  to  have  the  faces 
of  the  shaving  tool  and  suw)ort  polished   if  good  results  are  to   be 
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expected.  The  first  step  in  making  the  shaving  tool  shown  in  Fig.  28 
is  to  form  it  into  a  hlock  as  shown  at  A.  A  saw  slot  a  is  cut  at  the 
desired  angle,  so  that  part  h  can  be  broken  off  after  the  shape  required 
is  milled  on  the  top  face  and  the  tool  hardened  and  polished.  The 
polishing  can  be  accomplished  in  a  milling  machine  by  holding  a  piece 
of  brass  or  copper  in  a  chuck,  the  outer  end  of  the  brass  being  formed 
to  the  contour  of  the  tool.  EJmery  is  applied  to  this  lap,  and  by  run- 
ning the  carriage  back  and  forth  with  the  shaving  tool  held  in  the 
vise,  a  very  smooth  finish  can  be  obtained.  After  the  tool  is  polished, 
part  h  is  broken  off  and  the  tool  ground  as  shown  at  B.  By  leaving 
part  h  on  until  the  tool  is  polished,  the  cutting  edge  will  not  be  rounded 
and  the  tool  can  be  more  easily  polished. 

For  cutting  machine  or  tool  steel  it  is  preferable  to  make  the  shaving 
tool  thinner  at  the  rear  end  to  provide  for  clearance.    Making  the  tool 
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FUr*  so.    8h»Tlnflr-tool  Holder  which  can  be  used  for 
a  Wide  Baoffe  of  Work 

from  0.001  to  0.0025  inch  thinner  at  the  rear  than  at  the  front  end, 
gives  the  desired  result.  This  can  be  accomplished  by  packing  up  the 
rear  end  when  milling  the  form  on  the  tool.  This  type  of  shaving 
tool  when  used  o'n  steel  should  not  be  used  for  rough  forming,  but  for 
finishing  only. 

When  the  work  is  rough  formed  before  shaving,  the  amounts  to  be 
removed  from  the  diameters  are  as  follows: 

Amoant  to  Remove 
Diameter  ,  in  Inches 

Up  to   % 0.0050 

%  —  % 0.0075 

%  —  % 0.0100 

%  —  % 0.0150 

Shsviner  Tool  Holders 
It  is  necessary  to  hold  a  shaving  tool  rigidly  if  good  results  are 
to  be  expected,  and  if  the  work  is  small  in  diameter  in  proportion  to 
the  length  being  shaved,  it  is  also  necessary  to  use  a  support.  A 
shaving-to51  holder  which  will  be  found  satisfactory  for  this  class 
of  work  is  shown  in  Fig.  29.     This  holder  is  held  on  the  rear  cross- 
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slide  and  consists  of  a  machine^teel  body  A,  which  is  h^d  to  the  cross- 
slide  by  means  of  the  nut  and  bolt  B  and  (7,  the  latter  fitting  in  the 
groove  in  the  cross-slide.  The  shaving  tool  D  and  support  E  are  held 
to  the  two  members  F  and  O  by  screws  as  shown.  A  tongue  is  formed 
on  members  JP  and  G  which  fits  in  grooves  cut  in  the  shaving  tool  and 
support. 

Gib  H  is  provided  for  raising  shaving  tool  D  to  the  correct  height. 
It  is  operated  by  collar^crew  /,  fitting  into  a  slot  in  the  gib  and 
screwed  into  the  base  of  holder  A.  The  gib  J  is  provided  for  increasing 
and  diminishing  the  distance  between  shaving  tool  D  and  support  E, 
thus  governing  the  diameter  of  the  work.  A  collar-screw  K,  fitting 
in  a  slot  cut  in  gib  J  and  tapped  into  the  holder,  is  used  for  adjusting 
the  gib.  When  members  F  and  G  are  set  correctly,  they  are  held  in 
the  body  A  by  means  of  screws  L,  M  and  N.    Elongated  slots  P  are 
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Flff.  80.    Stasylnff-tool  Holder  ot  the  Box  Type 

provided  in  holder  A,  so  #is  to  allow  screws  L  and  If  to  be  moved  up 
and  down,  which  provides  for  adjustment  for  different  diameters. 

The  ordinary  adjustable  block  provided  in  the  toolposts  for  holding 
circular  tools  is  also  provided  in  this  holder.  This  block  Q  is  adjusted 
by  screws  R,  and  is  used  for  setting  the  side  of  the  shaving  tool  parallel 
with  the  face  of  the  chuck.  The  front  edge  of  the  support  E  should 
have  the  same  face  angle  as  the  shaving  tool  D,  but  should  be  set  a 
distance  equal  to  1/40  of  the  diameter  of  the  work  back  from  the  face 
of  the  shaving  tool. 

Id  Fig.  30  is  shown  a  shaving-tool  holder  for  holding  a  shaving  tool 
of  the  type  shown  in  Fig.  27,  which  is  operated  from  the  rear  cross- 
slide.  This  holder  is  of  the  box  type,  and  a  tapered  gib  A  is  provided 
for  adjusting  the  tool  for  various  heights.  This  gib  l^s  actuated  by 
screw  B,  fitting  in  a  slot  cut  in  the  gib  and  screwed  into  the  holder. 
Set-screws  C  prevent  lateral  movement  of  the  shaving  tool,  and  a  pad  D, 
operated  by  two  set-screws  E,  holds  the  shaving  tool  down  on  the 
adjustable  gib.  This  pad  D  is  made  with  the  same  contour  on  its  lower 
face  as  the  shaving  tool  so  that  it  will  hold  the  latter  rigidly.  Where 
the  contour  of  the  tool  is  of  a  shape  difficult  to  make,  it  is,  however, 
customary  to  have  the  pad  bear  only  on  two  or  three  points.  A  screw  F 
is  provided  for  holding  the  pad  when  the  shaving  tool  is  removed. 
The  shaving-tool  l|older  is  held  to  the  cross-slide  in  the  same  manner 
as  the  circular-tool  holder. 
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A  Bhaving-tool  and  cut-off-tool  holder  combined  is  shown  in  Fig.  3L 
This  type  of  holder  is  used  when  one  of  the  cross-slides  is  occupied  by 
a  forming  tool.  The  construction  is  similar  to  that  shown  in  Fig.  30, 
except  for  the  additional  provision  for  holding  the  cut-off  tool  blade  A. 
This  is  held  in  a  groove  cut  in  the  holder,  by  a  block  B  which,  in  turn. 
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Fiff.  81.    Oombioatlon  Out-otf  and  Shavlnff-tool  Holder 

is  held  by  the  cap-screw  G.  When  using  a  combination  shaving  and 
cut-off  tool  of  this  kind,  provision  must  be  made  so  that  the  work  when 
cut  off  will  not  stay  on  the  shaving  tool.  A  simple  device  for  over- 
coming this  difficulty  is  shown  in  Fig.  32.  This  consists  simply  of 
a  split  ring  A  which  is  held  on  the  hood  over  the  chuck  by  cap-screw  B. 


FlflT.  82.    BJeotor 


[  in  Oonneotion  with  the  ShavincT'tool  Holder 
shown  in  Fiff.  81 


A  wire  rod  C,  which  Is  so  located  that  It  will  remove  the  work  from 
the  shaving  tool  when  the  cross-slide  drops  back,  is  held  in  ring  A 
by  a  headless  screw  D, 

In  Fig.  33  is  shown  the  holder  which  was  used  for  holding  the 
shaving  tool  shown  in  Fig.  27.  This  holder  differs  somewhat  from 
those  previously  described  in  that  provision  is  made  for  raising  the 
front  end  of  the  shaving  tool.    The  shaving  tool  rests  on  a  pin  A  and  Is 
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adjusted  by  two  set-screws  B,  The  object  in  making  this  adjustment 
is  to  provide  for  clearance,  which  is  necessary  on  account  of  the  wide 
bearing  surface. 

Speeds  and  Feeds  for  Shsvlner 

As  a  rule,  shaving  tools  can  be  operated  at  the  same  speed  as  circular 
form  tools,  the  speeds  for  which  were  given  in  Part  III  of  this 
treatise,  Machinery's  Reference  Book  No.  101,  "Circular  Form  and  Cut- 
.  off  Tools  for  the  Brown  &  Sharpe  Automatic  Screw  Machine." 

The  feed  at  which  a  shaving  tool  can  be  operated  satisfactorily  is 
governed  largely  by  the  following  conditions: 

1.  Amount  of  material  to  be  removed. 

2.  Character  of  the  material. 

3.  Angle  of  the  cutting  edge. 

4.  Length  of  the  work  in  proportion  to  the  diameter. 
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Fiff.  88.    Bhaviziff-tool  Holder  for  Lonff  Work 

The  amount  of  material  to  be  removed  should,  to  a  large  extent 
govern  the  angle  of  the  cutting  edge,  and  is  a  more  important  factor 
than  is  the  nature  of  the  material.  Owing  also  to  the  extra  amount  of 
cutting  surface  and  insufficient  clearance,  a  shaving  tool  cannot  be  fed 
at  the  same  rate  of  feed  as  a  circular  form  tool  can.  That  is  to  say, 
to  remove  the  same  amount  of  material  requires  a  greater  number  of 
revolutions  with  a  shaving  tool  than  with  a  circular  form  tool.  Where 
the  length  of  the  work  is  more  than  three  and  one-half  times  its  di- 
ameter, a  support  should  be  used.  This  has  been  taken  into  account 
when  arranging  Table  VI,  and  it  should  be  understood  that  the  feeds 
given  under  the  heavy  lines  should  be  used  only  when  the  work  is 
supported. 

It  is  evident  from  the  foregoing  that  the  feed  should  be  decreased 
when  the  cutting  angle  is  decreased,  and,  on  the  other  hand,  the  feed 
should  be  increased  when  the  cutting  angle  is  increased.  The  feeds 
given  above  the  heavy  lines  in  Table  VI  are  applicable  to  shaving  tools 
having  the  angles  given  in  reference  to  Fig.  27,  while  the  feeds  below 
the  heavy  lines  are  for  shaving  tools  having  the  angles  given  in  refer- 
ence to  Fig.  28,  and  also  for  the  angles  given  in  reference  to  Fig.  27 
when  a  support  is  used.  When  a  shaving  tool  and  support  of  the  type 
shown  in  Fig.  29  are  used,  the  feeds  above  the  heavy  lines  in  Table  VI 
can  be  increased  50  per  cent  with  satisfactory  results. 
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Toola  and  M«  Lhi>ds   Used. 

Mo.  58.  Helical  and  EllipUo  Sprlagi.-^ 
Caltukitioii  and  Iji-tsij^-n. 

Mo.  59.  MaciilneB,  Tools  and  Metliods 
Of  Automobile  Mannfactiire. 

Mo.  60.  Construotion  and  Kaniif{ictmr« 
€>t  Antomobiloi. 

Mo.  61.  Blacksmith  Shop  Practice.^ 
Model  EUack.smith  «hnp;  WVldln^r:  F^,rs- 
Ing  ot    Hooks   and   Chnfri!^;    ilL'iceilaneous. 

Mo*  B2.     BardnesB  and  Ouxabillty  Test- 

mm  oi  Met&u* 

Mo.  63.     Seat     Treatment     of     Steel. — 
Hnrdt'jrlng,    TiiniKTinK,  L'ayo-Hurdenin^. 
Mo.  64.     Gag-e  Malclng'  and  Ikappln^. 

Mo.  65.  FormiilaM  and  Constant!  fof 
G-ai  engine  Beeigii» 

Mo.  66.     Seating     and     Ventilation     of 
Shops  and  Olllces. 
Mo.  67.     Boilers. 

Mo.  68.  Boiler  Furnaces  and  Chim- 
neys. 

Mo.  69.     Fesd  Water  Applianoss. 

Mo.  70.     Steam  Eniriii«B- 

Mo.  71*     Steam  Turbines. 

Mo.  72.  Fumps,  Condensers,  Steam  and 
Water  Fiplng. 

Mo,  73.  Frineiplee  and  Applications  of 
Blectrlclty,  Pan  I. — .Statlr  Pilettriclty ; 
Elii'vtrlcal    Ms.'asuremiiMit.s;    Butteries. 

Mo.  74.  Frinoiples  and  Applications  of 
Mlectrtclty*  Part  U.^-Mmkh^  liMin;  Elcc- 
tro  Magnetism;     Elect ro-PlatijiK. 

Mo.  75.  Frinoiples  and  Applicationfl  of 
ISlectrlcity,  I*art  HI. — ^DynannKs;  Motors; 
I'^Kh  (rU     liiiU  w.'iya. 

Vo,  76.  Frinoiples  anil  Applications  of 
Electricity,    Part    I V.— Kh  »  trie    Li^htinK 

Mo.  77.     Frlnciples  and  Applications  of 
Slectricity,   i*art   V. — Tc'legrai>li   and   Tele 
phone. 

Mo.  78.  Frinoiples  and  Applications  of 
Slsctricity,  i*arf  VI.— TransmiHHiim  of 
Power. 


Mo.  79.  Iioeomotive  Building',  Part  T.— 
Main  and  Side  Rods, 

Mo.  80.  locomotive  Building,  Pari  II. 
— Wheeli^:  Axles;  UrlvInK  Boxes. 

Mo.  81.  liOComotlTe  Building,  Part  III. 
— <'ylindt.-rs    and    l-'rarnes;!. 

Mo.  82.  Iiocomotlye  Building,  Part  IV. 
— \'alvi^  Motion. 

Mo.  83.     Ziocomotive   Building,   Part   V 

—  liuiler    ShMj]     Pra.  Ur.e. 

Mo.  84.     Xiocomotive  Bnildlng,  Part  VI. 

—  Krf^etlng. 

Mo.  85.  Ueehanlcal  iirawlng,  Pa.rt  I. 
— I  iif^  I  rumen  is;  MaitTials.  tioometrJeal 
Pro  bit' III*?. 

Mo.  86.    Mechanical   Srawlng,   Part  TI. 

—  Projet-tlon, 

Mo.  87.  Mechanical  ©rawing,  Part  III. 
— Machine   Details. 

Mo.  88*  Mechanical  Drawing,  Part  IV. 
— Machine    Dutiills. 

Mo.  89.  The  Theory  of  Shrlnlcage  and 
Forced   Fits. 

Ma.  90.     Bailway  Bepair  Shop  Practice. 

Mo.  91.  Operation  of  Machine  Tools.^ 
The   I^tlus  I\n  t  L 

Mo.  92.  Operation  of  Machine  Tools. — ■ 
The   Luthr,   I 'a  It  11. 

Mo.  93.  Operation  of  Machine  Tools. — 
Planer.  8ltap*_r,   flutter. 

Mo.  94.  Operation  of  Machine  Tools. — 
l>rllllnK    Machines. 

Mo,  95.  Operation  of  Machine  Tools. — 
UMiiue  MacUinea, 

Mo.  96.  Operation  of  Machine  Tools. — 
MililiJK  Maeliln*'s,  I^art  i. 

Mo.  97.  Operation  of  Machine  Toole. — 
MtlJiiiK  MarlilneN.  Part   IL 

Mo.  98.     Operation  of  Machine  Toole. 

rjrindiiiK   Maeldnt.H. 

Mo.  99*  Antosnatlo  Scrrw  Machine 
Fractice,  Part  P— i>p*'ralina  ttf  tbr  Pn>wn 
iSj    hJharp'-  Automatic  .Screw   AlaehJnr, 

Mo.  100.  Automatic  Screw  Maohlns 
Fractice,  Part  II. — lieslKnfnj^  and  Tutting 
Cams   for   the   Automatic   Screw    Maehlnc. 

Mo.  101.  Antomatio  Screw  Machine 
Fractice,  Part  I!L^<_*lreiilar  Forming  and 
t   at-ofT   Tools. 

Mo.  102.  Antomatlc  Screw  Machine 
Fractice,       Part       1 V.— i:xt<  rnal       Cutting 

Torils, 

Mo.  103.  Automatic  Screw  Machine 
FracUce,    Part    V  — Intt  nial  t'utting  Tools. 

Mo.  104.  Antomatlc  Screw  Machine 
Fractice.  Part  vr.    -TliroadinK  Opera ionH. 

Mo.  105.  Antomatio  Screw  Machine 
Fractice-    P.jrl   Vri.— Knurling  Dpi  ratinnH. 

Mo.  106.  Automatic  Screw  Machine 
Fractioe,  Part  VIII. — rrot^s  Drilling,  Burr- 
iim:^  and   SluttinsT  *  operations. 


ADDITIONAL  TITLES  WILL  BE  ANNOUNCED  IN    MACHTN^RY   PROM  TIME  TO  TIME 


MACHINERY'S    DATA    SHEET    SERIES 

MAcmPfFiiY'R  Data  Sheet  Books  inf'lude  the  welPKnown  series  of  Data  Sheets 
orlgiaatecj  by  Ma€hlnkky.  and  issued  monthly  as  supplenients  to  the  imblication; 
of  these  Data  Sheets  over  500  have  been  imblished,  and  fJ. 000,000  copies  sold.  Re- 
vised and  greatly  amplified,  they  are  now  presented  in  book  fornj,  kindred  sub- 
iecta  being  grouped  together.  The  imrchaser  may  Becure  either  the  books  on 
those  Biibjects  In  which  he  is  specially  interested,  or,  if  he  pleases,  the^^vhole  sft  at 
one  tirae.  The  price  of  each  book  is  2r>  cents  {one  shlHing)Di(<JtfeUiwmdOi@mi^r« 
in  the  world.  o 


CONTENTS  OF  DATA  SHEET  BOOKS 


Steel  Tools  I  Taper  Turning;  Ch«n.„_    

Ing  for  the  I*ath^;  Boring^  Bars  axmS  Tuil 
dr. 

BTo.  11.     Mining'       lC»GlLbie 
Clamping    Devicefl    and    Planer 
Tableii     for     Milltng^     M  i<  1     ;<       IiuSejdni 
Change  Gears  for  Min  Is;   AmM 

for   setting   TniiexirtK    !  a    ltilli« 

Clutches;    Jiir    Clampli^    js;    Stni> 

and  Clampp:  Planer  Jackt*. 

«o.  19.  Pip*  and  Flp*  PltOan- — Pl| 
Threads  and  Gages;  Casi-lron  FltXiB^ 
Bronze  Fittings;  Pipe  Flansea;  1^ 
Benda;  Pipe  Clamps  and  Hangers;  IMmfll 
Bions  of  Pipe  for  Varirtus  Servic««i^  «Ke 

9o.  13.  Boiltrs  and  CTUBmcym. — Fti 
Spacing  and  Bracing  for  Bolters:  Str^nc^ 
of  Boiler  Joints;  Riveting;  BoLIer  Settisij 
Chimneys. 

Ho.  14.    Ijocomatlv*  and  Sailwtiy  IMfe 
— LoeorootJve   Hollers:   Beai 
for     locomotive     Joumor- 
ClassiflcatlonB:      Rail      Se< 
Switches  and  Croaa-overs;  Tn^i^:    rr.i  :ti» 
Force;    Inertia   of   Trains;    BraJce    L-even 
Brake  Hods,  etc* 

Vo.  15.    Sttam  and  Oaa  £xLgi  <    i 
II rated    Steam;    Sltnini    Pipe    i^ 
Engine     lJ»^slijn:     Volume     of 
Stuming     Boxes;     Setthig    Corliss 
Valve    ClMar-s;    Condenser    and     Air 
Data;    llffrsonovkvr    of    Ga^'-lhi*'    hit 
Automobilo    Engine    Cranks! taftJ?,     ^tc. 

Vo.  16.  ICathematleal  Tablea. — St^txAii 
of  Mixed  Numbers;  Fun^  t'  ■  -  ^  prai 
tions;    Circumference    an*]  ra    I 

Circles;    Tahlea    for    Spiic»  jreM 

Solution  of  Triangles;  Forn,.^i.a-^  v.i  Soli 
Ing  Regular  Polygons;  OeomeirlcaJ  Ptc 
gression,  etc. 

Wo.  17.  MeelUMUM  and  Stnojrt^  of  m 
tarlals. — Work;  Energy;  CenCriJ^I 
Forctii  Center  of  Gravity:  Mr>(l<»n.  Tm 
tlun;  Pemlulum:  Falling  Bodies;;  StrpJi^l 
of  Materials;  Strength  of  Flat  Plalal 
Ratio  of  Outside  and  Inside  R^«SU  t 
Thick  Cylinders,  etc. 

Ho.  18.  Beam  Pormnlaa  and  Wtrwt^Mtt 
Sfiilgn. — ^Beam  Formis'  •  "^  troaal  Moi 
ull   of  Structural    Sli  m    Cliartji 

Net    Areas    of    Strucf  Lea;    Rin 

Spacing;  Splices  for  .  m^imi-lU  and  I 
beama;   Stresses   In  Roof  Trusses,   etc 

Ho.  19.  B«lt»  Bope  and  Oliala  Mlvaa^ 
Dimensions  of  Pulley-  --  -•-  f  inu 
leys:  Horsepower  of   ^  W'l-^ 

Ity;     Angular    Belt     I  «  w- 

transmitted  by  n 
Drive;  Bonding  ^- 
Sprnckets  for  L,ii\ 

Tubles  for  Various  f  i.iM-t-^s  mi  L'r.»ui 
Chain, 

Ho.  20.  Wiring  Dlagtama.  Heating  C» 
T«ntllation,    and   MUcellan  h :., 

Tvpl'^l    Motor   Wiring   Di 
11  no*?  of  Hound  Copper  \Vh 
ered    Cubh-s;    Current    Doniiti* 
oas   Contacts   and    Materials;    • 
Fan    ain^     r^J..\vf.r    i^rmjn'it  ih^s: 
Main     <' 
Decimal 

Tables     V;^.    ..^»:.   ^i;.^.!    cj.i., ,    :^i._,..^ 

Mf»tal»'.  Weights  oY  FUl4ts,  i>niXUug'nMe 
Heat    Treatmeiil    of    High-speed       Conventions,    etc. 

M\rnT\EiiY»  the  monthly  mechanical  JoumaU  originator  of  the  Reference  mm 

Data  Slipet  Ser|i-s,  Is  ptiblished  in  four  editlone— the  Shop  Edition,  tlM  a  y«f 

the  Ettgimerfjio  EditiofK  $2*00  a  year;  the  Railway  Smion,  W-OO  a  year,  and  dk 

Foreign  Edition,  ^ZM  a  yean  ^.^.^ 

The  Industrial  Press.  Publishers 

New  York  City.  U.  8.  A 


Ho,  1.  torew  Tlirtada.— t^nlted  Slates, 
WhHworth,  Sharp  V-  and  British  Associa- 
tion Standard  Threads;  Briggs  Pipe 
Thread;  Oil  Well  Casing  Gages;  Fire  Hose 
Gf»nnecth:jns;  Acme  Thread;  Worm 
Threads;  Metric  Threads;  Machine,  Wo«d, 
and  Lag  Screw  Threads;  Carriage  Bolt 
Threads,  etc. 

HO.  fl.  Bcrswa,  Bolts  and  Hnts.^Fll* 
lister-head,  Squnre-lu^ad,  lleadlc«ii,  Col- 
lar-head and  IT »*x agon- head  Scrcxvs;  Stand- 
ard and  Spechil  Nuts;  T-nuts,  T-bults  and 
Washers;  Thumb  Screws  and  Nuta;  A*  L.. 
A.  M-  SUuidard  Screws  and  Nuts;  Machine 
Bcrew  Heads;  Wot>d  Screws;  Tap  Drills; 
Lock  Nuts;  Eye-bolts,  etc. 

Mq^  3.  Taps  and  Dies — ^Hand.  Machine^ 
Tapper  and  Machine  Screw  Taps;  Taper 
Die  Taps;  Sellers  Hobs;  Screw  Machine 
Taps;  Straight  and  Taper  Boll  *r  Taps; 
Stay-bolt.  Washout,  and  Patch -bolt  Taps* 
Pipe  Taps  and  Hohn;  Solid  Square.  Round 
Adjustable  and  Spring  Screw  Threading 
Dies. 

Ho.  4.  B«aniera,  Booksts,  I>rlllB  and 
Mining  Cutters. — Hand  Reamers;  Shell 
Reamers  and  Arbors;  Pipe  Reamers;  Taper 
Plna  and  Renm^Ts;  Brown  &  Sharpe, 
Morse  and  Jarno  Taper  Sockets  and  Ream- 
ers; Drills;  Wire  Ga^t^fi;  Milling  Cutters; 
&?ttlng  Angles  for  M tiling  Teeth  lii  Khd 
Mills  and  AnMular  Culter«»  etc. 

Ho.  5.  Spnr  Glaring. — DItimetral  and 
Circular  I'itch;  Dlmv']ii*lMTi«  of  Spur  Uears; 
Tables  of  Pilch  I  iJii meters :  Oduntograph 
Tables;  Rollitig  Mill  Gearing;  Strength  of 
Spur  Gears;  Hunsfpower  Transmitted  by 
CjKst'lron  and  Rawiilde  Pinions;  Design  of 
Spur  Gears;  Weight  of  Cast-Iron  Gears; 
Eplcycllc  Gear! II g> 

Vo.  6.  Bevsl,  Spiral  and  Worm  a«ar* 
Ing. — Rules  and  Formulas  ft^r  Hevel 
Gears;  Strength  of  IRvel  Gears;  Design 
of  Bevel  Gears;  Rules  and  Formulas  for 
Spiral  Qenjring;  Tables  FacllItatlnK  Calcu- 
Iiitiotis;  DiaK^rum  for  Cut  tens  for  Spiral 
Gears;  Rules  and  Formuhia  for  Worm 
Gearing,  etc. 

Ho.  7.  Shafting.  Keys  and  Keyways. — 
Htitsepower  of  Shafting;  Dlogrunm  and 
Tables  for  the  Strength  of  Shafting; 
F^^r^'Jr^g,  Drivliig.  Shrinkhig  iind  Rnnnltig 
Fits;  Woodruff  Keys;  t^tilteij  States  Navy 
Standard  Keys;  Gib  Keys;  Milling  Key- 
ways;   Duplex  Keys. 

Ho.  8.  Bearings,  Oonplings,  Olntotiss, 
Crane  Chain  and  Books. — IMIIow  Blocks; 
BubbUl<  il  UearisiKs.  iJuU  hui\  R«ilU-r  llear- 
iTjgi*;  Clamp  Couplbrnw;  Plate  (.Couplings; 
Flange  Couplings;  T«»tfth  ("lutclies;  Crab 
Couplings;  Cone  Clutches;  Universal 
Joints;  Crane  Chain;  Chain  Friction; 
Crane  Hooks;  Drum  Scores. 

Vo.  9.  Springs,  Slides  and  HaoMns 
Befalls. — Formulas  nnd  Tables  for  Spring 
Calculations;  Mnchine  Slides;  Machine 
Handles  and  Levers;  Collars;  Hand 
Wh&ela;  Pins  and  Cotters;  Turn-buckles, 
etc- 

Ho.  10.  Wotot  BriTe,  Speeda  and  feeds. 
Change  Gearing,  and  Boring  Bars.  -Power 
required  for  Macliine  Tools;  ('uttltig 
SpccdK  und  Feeds  for  Carbun  ciml  lligh- 
Bpei-d  Steel;  Screw  Machine  Spceils*  and 
Feeds;     Heat     Treatment    of    High-speed 
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price;  25  CENTS        oerv'ERAi.LiL  c^ 


AUTOMATIC  SCREW 
MACHINE  PRACTICE 

INTERNAL  CUTTING  TOOLS  FOR  BROWN  &. 
SHARPE  AUTOMATIC  SCREW  MACHINES 
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MACHINERrS  REFERENCE  BOOK  NO.  103 
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MACHINERY'S  REFERENCE  BOOKS 

This  treatise  la  onp  unit  In  ii  eomnrehengivo  Spfiea  of  Reference  liookB  originated 
by  MA<iin-Nt:ui%  and  including  an  indeflnltf  numbej-  of  compact  iiiilU,  each  covering 
one  subject  thoroughly*  Th«?  whole  sortcs  comprises  a  complete  working  library 
of  mechanical  lil*^raturo.  The  nri<^e  of  each  boo  Its  is  25  cents  (one  shilling)  de- 
livered  anywhere  in   the   world. 


LIST  OP  BBFERENCE   BOOKS 


Wo,  1.  Worm  O^nrlaff.— cialrnTatlnsr  1.M- 
mensloriH;  H^^i.h  ;  l.<M.!itic>n  nf  Pltcti  Cir- 
cle;  Stjir-lj<M :kiii«    Worm    Qtarin*?,    etc. 

Mo.  2.  ©rfcf ilng-»ooiii  Practice* — 
Syfilems;    Traring.    UHUrin^   and    Muurii- 

Wo.  3.  nrin  ariri.— T*rtnclplcfi  of  Drill 
JI^s;   Jifi-   I'lultii;    Kxriniplt^fi   of   Jlgi** 

Vo,  4%  MUllng'  PlxtTiT«». — Prlnciplei«i»f 
Flxturi's;    Kxiirnplrf^  y^t    I  ►vslRn. 

no*  5,  PiMt  Principle*  of  TlwoMtlciil 
M^olianics. 

Mo.  6.  Pmncli  and  Dl«  Work.— Prln^  1- 
plei*  of  Puiuh  and  Ui*'  Work;  Making  and 
U»l(ig  DUiB,    Die  and   l»nrK  h    Dtsliin. 

Mo.  7.  &atbi  and  Planer  Toole.— Cul- 
11  ni?  TdoIs;  Rorliie  Tools;  Shape  of  Stftxi* 
dard  SJhop   Tools;   Forming   Tools. 

Mo.  8.  Working  Dmwinffe  and  Draft* 
ing  Boom  Minks. 

Mo*  d.  Baelgtilnff  and  Cnttlnif  Came.^ — 
DruftltiR  of  OinjH.  Cam  Curves,  dm  Do* 
sign   tuid  Cam   Cutting. 

Mo.  10.  Vzamplee  of  MacMne  Sliop 
Practice. — Cmtiim  Bevtd  Gcarf*;  Makltig 
IL   Worm-G*  ai  ,   8p indie   Cont*truriion- 

Mo.  11.  Benring-e.— Dopfmi  nf  Floar- 
IjiKi^:  r,msis  mT  lint  B.viriniis;  A  Hoy  a 
for  liiarlng»;   Frirltnii  and  L,ubrI«utioii. 

Mo.  13.     (n\i    of   print. 

no.  13-  Blanking  Dlee, — Mnklne  Blank* 
IftK  I'l*^^.  Jtlaiiktim  iind  Pii-n  inK^  Dies; 
feplit    Dka,   Nf\.l    Id. as  in    Die  Making. 

Mo.  14.  Dfltaile  of  Machine  Tool  I>e- 
den.— 4:*on<'  rmity.s  mui  Ht-Jis;  Sin^iiKth 
i/f  rouiit.  rshaftn:  TiJmbi«'r  Gear  Dcnign; 
Full  Its  of  IrrMi  Cuslhif^H^ 

Mo,  IS.  Spur  Qearlng'. — Dimensions; 
IXalk^n.    Htnns^Lh;    Ijyral.ilily. 

Mo.  1©.  Mftchine  Tool  Drive*. — Spr-rd!* 
sind  Fefd5.  Slritile  rnlhy  Drlvi-s;  Drives 
for  lliKii  Sp»<  d  (^ittlrii;    Tnol.s. 

Mo.  17.  Strensrth  of  Cylindere.— Fmf- 
mulas,   Charts,   and    liia^runus. 

Mo.  la  Sliop  Arlttimetic  for  tlie  Ma- 
olilnlet.^ -Tapirs:  Cls.ih«o  <i«Nii»;  ruuirikj 
SSprinlH.  Fi  ids;  Ind.xlaK,  (Raring  for  Cut- 
ting;   .Spiraln;    Anwirs. 

Mo.  19.  Use  of  Pormnlae  In  Mechanice. 
^With   uuniiiMus  :ijkidixationH. 

Mo,  20.  Spiral  Gearing".— Rules,  Farmii' 
las,   sind   Di.f>4i"iiaiH,    rT'-. 

Mo.  21.  Measuring  Tooli. — HJstnry  of 
.Standard  Mi  asnivrnonts;  <\'dlperM;  Cttm- 
pas.^i^s ;     Mliromt'hr     TooKs;     frulraclors. 

Mo.  29.  Calculation  of  Elemente  of 
Machine  Beeisn. — IVn  rnr  nf  Safety; 
Strt^n^Hj  nf  iu,]i^:  Rlv^M.^d  JoJnlH;  l<t^v« 
and    Keyway--^;    TnKul<'-j'>iriL'<. 

Mo.  23.  Theory  of  Crane  Design. — JIU 
Trxines;  Shafts,  Gears,  atkd  nearin«»: 
Force  to  Move  Crano  Tmllt^ys;  Pill.ar 
Cranes, 


Mo.  34.     Bzamplea    of    Calculating    ^ 
sigHfl. — tJliait-H    in    ItoslKnlfJu;     Ponch    and  J 
Uis<  LtT     Fr:inieM;     Stu-ar     Frames;      llillet 
iital    I'ar   PaKS*s,   olc. 

Mo.  85,  Deep  Hole  BrlUlur- — ^Methods 
ttf  DrlUiuK.  Construction  of  Drllle. 

Mo.  26.     Modem    Pnnoh    And    DU    Con-i 
etruction. — ConHtructlon  and    Fso  of    Sut>^^ 
pi.sH    Dies;    Mndorn    lilanklrifc    Dif    Con- 
«trm.'llon;  Drawing  and  Forming  Dies. 

Mo.  27,  IiocomotlTe  Deslra,  Part  1. — 
BulJers,   Cylinders.    Pipos  and   Pistons. 

Mo.  88.  ^ocomotiTe  Dcstgii,  Part  rf.— > 
Stephen  Hon  and  \Vulscha»'rti*  ValvA  Mo- 
tions;   TUeory,    Calculation    and    i;>«slgii. 

Mo,  S9.     ^ocos&otlTe    Dectgn,    P;9rt     111 
— Smokebox:       Exiiau^t      Pipe:       Frames;  j 
*'rosii«head»;  Guide*  Bars;  ronnecliiig-rods;| 
Crank-pins;    Axles:    Driving:- wheels.  ^ 

Mo.  30.  locomotive  Design,  Part  TV,^ 
FprlriK'"*,   Trnuks,    Cai>  and   Tender* 

Mo,  31.     Screw  Thread  Tools  and  Q«ir<M- 

Mo.  32.  Screw  Thread  Cntting^. — L^the 
ChanK*-*  Gears;   Thread   TouIjs.    Kinks. 

Mo.  33.  87  stems  and  Practice  of  the 
Drafting-Moom. 

Mo.  34.  Care  and  Bepalr  of  Dynamos 
and  Motors. 

Mo.  35.     Tables  and  Pormnlaa  for  Shop 
and  Drafting-Boom, — The   Cao   of  Forma-    , 
Ian;    Srdntlon    of    Triangles;    Stren^rth    of  d 
Materials;    Gojirlng;    Srfew   Threads;    Tap  1 
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Automatic  Screw  Machine  Practice  for  the  Brown  &  Sharpe  auto- 
matic screw  machines  ia  covered  in  eight  Reference  Books.  Nos.  99  to 
106,  inclusive.  Reference  Book  No.  99,  "Operation  of  the  Brown  & 
Sharpe  Automatic  Screw  Machines,"  deals  with  the  construction  of 
these  machines  and  the  setting-up  of  the  tools.  No.  100,  "Designing  and 
Cutting  Cams  for  Automatic  Screw  Machines,"  gives  detailed  instruction 
on  cam  design,  and  describes  a  simplified  method  for  milling  cams. 
No.  101,  "Circular  Form  and  Cut-off  Tools  for  the  Automatic  Screw 
Machine,"  deals  with  the  general  arrangement  and  the  calculations  of 
these  tools,  and  describes  the  different  methods  employed  in  their 
making.  No.  102,  "External  Cutting  Tools  for  the  Automatic  Screw 
Machine,"  deals  with  the  design  and  construction  of  box-tools,  taper 
turning  tools,  hollow  mills,  and  shaving  tools.  No.  103,  "Internal  Cut- 
ting Tools  for  the  Automatic  Screw  Machine,"  deals  with  centering 
tools,  cross-slide  drilling  attachments,  counterbores,  reamers,  and  re- 
cessing tools.  No.  104,  "Threading  Operations  on  the  Automatic  Screw 
Machine,"  treats  on  cam  design  for  threading  operations,  threading 
dies,  taps  and  tap  drills,  die  and  tap  holders,  and  thread  rolling.  No. 
105,  "Knurling  Operations  on  the  Automatic  Screw  Machine,"  describes 
the  construction  of  knurling  holders,  and  gives  directions  for  the  mak- 
ing of  knurls  and  the  design  of  tools  and  cams  used  in  connection  with 
knurling  operations.  No.  106,  "Milling,  Cross-drilling  and  Burring 
Operations  on  the  Automatic  Screw  Machine,"  describes  screw-slotting 
atta<:hments,  index  drilling  attachments,  and  burring  attachments,  giv- 
ing directions  for  their  use  and  for  the  design  of  cams  for  them. 
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OBNTBRINa  AND  DRILLINa  .OPERATIONS 

The  conditions  met  with  on  the  Brown  ft  Sharpe  automatic  screw 
machines  are  such  that,  for  general  work,  the  simpler  the  design  of 
the  tool  used,  the  more  efficient  the  results  obtained.  Of  course,  in  . 
some  cases  it  is  necessary,  where  difficult  shapes  are  to  be  formed,  to 
make  the  tools  somewhat  complicated,  but  even  then  the  simplest  de- 
sign possible  should  be  adopted.  It  is  obvious  that  in  Internal  cutting 
there  is  more  chance  of  the  tool  sticking  and  breaking,  due  to  the  clog- 
ging of  chips  and  improper  lubrication,  than  on  external  work.  It  is 
therefore  necessary  to  make  all  cutting  tools  for  Internal  work  with  as 
much  chip  space  as  possble,  and  also  to  provide  means  for  proper  lubri- 
cation. The  periphery  clearance  given  to  the  tools  also  has  an  impor- 
tant bearing  on  their  efficiency.  Where  there  is  too  much  cutting 
surface  in  contact  with  the  work,  the  tendency  is  to  produce  rough 
work  and  also  to  break  the  tool,  as  heating  is  developed  at  the  point 
of  contact,  thus  causing  the  tool  and  work  to  seize. 

In  making  complicated  tools  for  internal  work  the  excessive  use  of 
springs,  especially  when  flat,  is  objectionable,  for  if  the  spring  fails 
to  work,  the  cutting  tool  is  generally  broken.  If  a  spring  is  necessary, 
a  coil  spring  should  foe  used,  and  provision  should  be  made  to  have  it 
long  enough  so  that  it  will  retain,  aB  much  as  possible,  its  initial  ten- 
sion. Springs  for  internal  cutting  tools,  as  well  as  for  other  tools  of 
a  similar  character,  should  always  be  tempered  in  oil.  as  this  increases 
their  life.  The  design  of  an  internal  cutting  tool  is  largely  governed 
by  the  material  which  It  is  to  cut  and  the  amount  of  material  it  is 
required  to  remove. 

CenterlnflT  and  Oenterlnflr  Tools 
When  drilling  holes  which  are  less  than  3/16  inch  in  diameter  it  is 
always  advisable,  especially  when  the  hole  passes  through  the  work,  to 
use  a  starting  or  centering  tool.  At  A  in  Fig.  1  is  shown  a  centering 
tool  which  is  used  for  brass  work,  and  at  B  one  which  is  used  for  steel 
and  soft  iron.  This  latter  tool  is  similar  to  the  ordinary  twist  drill, 
except  that  the  flutes  are  shorter.  A  worn-out  twist  drill  is  sometimes 
used  for  this  purpose,  with  the  point  ground  thin,  as  shown  at  a,  which 
reduces  the  pressure  and  allows  the  drill  to  start  easier.  This  tool  also 
makes  a  better  center  than  would  a  drill  with  a  thicker  point.  The 
included  angle  of  the  cutting  edges  on  a  centering  tool  should  be  less 
than  the  drill  which  is  to  follow.  If  this  is  not  the  case,  the  point 
of  the  drill  will  start  to  cut  before  the  body  of  the  drill  is  properly 
supported;  consequently,  an  Imperfect  center  will  be  formed.  If  an 
Imperfect  center  has  been  formed,  the  drill  will  run  out,  as  is  clearly 
shown  at  C  in  Fig.  1.    It  can  be  seen  that  it  is  practically  impossible 
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for  a  drill  to  start  concentric  with  the  center  of  the  work  when  a 
gmall  teat,  as  shown,  has  been  left  by  the  centering  tool.  Using  a 
centering  tool  with  a  more  acute  angle  obviates  this  trouble,  as  the 
body  of  the  drill  is  well  supported  before  the  point  of  the  drill  starts 
to  cut.  This  is  clearly  shown  at  D  in  Fig.  1.  The  included  angle  of 
the  point  which  has  been  found  most  suitable  for  centering  tools 
varies  from  90  to  100  degrees;  90  degrees  should  be  used,  preferably, 
for  brass,  and  100  degrees  for  steel.  The  included  angle  of  the  point 
of  the  drill  varies  from  118  to  120  degrees,  118  degrees  being  generally 
used  for  the  drill,  as  it  has  been  found  to  give  the  best  results.  In 
Table  I  is  given  the  length  of  the  point  for  centering  tools  and  twist 
drills,  having  included  angles  of  90  and  118  degrees,  respectively.   The 
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Flff.  1.    Oenterinff  Tools— Btwrtlaff  the  Drill  Oonoentrio 

formulas  for  finding  the  length  of  point  for  the  various  angles  are  as 

follows  (see  Fig.  2): 

where  b  =  depth  of  centered  hole. 
c  =  diameter  of  drill, 
d  =  diameter  of  centered  hole. 
e  =  length  of  drill  point 


For    90  degrees  l>  =  0.5(i. 

For  100  degrees  &  =  0.42(i. 

For  118  degrees  e  =  0.3c. 

For  120  degrees  e  =  0.?9c. 


Cam  Rise  for  Oenterlner 

Wlien  the  length  of  the  point  of  the  centering  tool  is  known,  it  is 
an  easy  matter  to  find  the  rise  on  the  cam  required  for  centering. 
There  are  four  different  conditions  governing  the  amount  of  rise  re- 
quired for  centering,  which  are  as  follows: 

First:  When  the  drill  does  not  pass  through  the  work  and  a  stop 
for  gaging  the  stock  to  length  is  used. 

Second:  When  the  drill  passes  through  the  work  and  a  stop  for 
gaging  the  stock  to  length  is  used. 

Third:  When  the  drill  does  not  pass  through  the  work  and  a  stop 
for  gaging  the  stock  to  length  is  not  used. 

Fourth:  When  the  drill  passes  through  the  work  and  a  stop  for 
gaging  the  stock  to  length  is  not  used. 

The  rises  on  the  cam  for  centering  as  governed  by  the  previous  con- 
ditions are  as  follows   (see  Fig.  2): 

First:     «=&-!- 0.010  inch; 
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Second :     /f  =  &  —  e  -f  0.010  inch ; 

v.here  i?  =  r!8e  on  cam  for  centering, 
b  =  depth  of  centered  hole, 
e  =  length  of  point  on  drill. 

It  will  be  noted  that  when  using  the  second  method,  the  rise  on  the 
cam  would  not  be  sufficient,  on  starting  a  new  rod,  to  allow  the  cen- 
tering tool  to  travel  the  full  distance;  or,  in  other  words,  would  not 
be  equal  to  the  length  of  the  point  of  the  centering  tool  used.  The 
correct  way  to  start  a  new  bar,  however,  is  to  throw  over  the  oper- 
ating lever,  thus  stopping  the  operation  of  the  machine;  then  open  the 
chuck  by  hand  and  feed  the  stock  out  just  past  the  cutting-off  tool,  so 
as  to  allow  it  to  face  off  from  1/16  to  1/8  inch  from  the  end  of  the 


Flff.  a.    DlAffTMns  lUnstratinff  Method  of  Pindinff  Oua  Rise  for 
DrlUinff  and  Centering 

bar.     Then  the  stock  is  fed  out  by  hand,  and  the  centering  tool  ^Iso 
operated  by  the  hand  lever,  after  which  the  machine  can  be  started. 

Third:     The  rise  for  the  various  machines  is  as  follows: 
For  the  No.  00,  i?=:b4- 0.020  inch. 
For  the  No.     0,  R=h-\-  0.028  inch. 
For  the  No.    2,  «  =  6  +  0.035  inch. 

The  values  which  are  added  to  h  are  for  facing,  and  the  feeds  should 
be  decreased  for  this.  A  dwell  should  also  be  allowed  on  the  cam 
varying  from  2  to  5  revolutions,  the  number  of  revolutions  necessary 
being  governed  by  the  material  to  be  cut.  The  dwell  should  be  longer 
for  steel  than  for  brass  stock.  The  feed  for  facing  brass  should  be 
from  0.0015  to  0.002  inch  per  revolution,  and  for  steel  from  0.001  to 
0.0012  inch  per  revolution. 

Fourth:     The  rise  for  the  various  machines  is  as  follows: 

For  the  No.  00,  R  =  b  —  e -f  0.020  inqh. 

For  the  Xo.     0,  R  =  b  —  €  -\-  0.028  inch. 

For  the  No.     2,  «  =  &  —  e  +  0.035  inch. 

The  feed  should  be  decreased  for  facing,  and  a  dwell  of  from  2  to  5 
revolutions  allowed.  The  suggestions  previously  given  for  starting  a 
new  bar  should  also  be  remembered.  The  time  for  starting  a  new  bar 
in  the  manner  given  is  practically  negligible,  as  the  machine  anyway 
should  always  be  stopped  when  a  new  bar  is  being  inserted. 
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Special  OenterinflT  Tool  for  Hard  Material 
The  included  angle  of  the  point  on  the  centering  tools  shown  at  A 
and  B  in  Fig.  1  gives  satisfactory  results  when  used  on  soft  material, 
such  as  brass  or  soft  steel;  but  when  the  material  is  of  a  harder  na- 
ture, trouble  is  sometimes  encountered  with  the  point  of  the  center- 
ing tool  breaking.  This  can  be  obviated  by  making  a  centering  tool 
as  shown  in  Fig.  3.  This  tool  has  a  double  angle,  the  extreme  point 
being  made  to  an  included  angle  of  118  degrees,  while  the  remaining 


Flff.  8.    Doable-anffle  Centmi&ff  Tool 

part  of  the  cutting  edge  is  made  to  an  Included  angle  of  90  degrees. 
This  strengthens  the  point  of  the  tool,  while  at  the  same  time  it  per- 
mits the  drill  to  be  supported  by  the  center  before  the  point  starts, 
to  cut. 

The  following  formulas  are  used   for  finding  the  dimensions    (see 
Fig.  3): 

A 
B  =  — ;   C  =  BX0.3;  D  =  A  X  0.25; 
2 

^  =  AX0.4;   i?  =  ^-f  0.010. 

TABLE  II.  FBBDB  FOR  OBNTBRINO  TOOLS 


Peed  in  Inches  per  Revolution                              1 

Diameter  in  Inchea 

Brass  Rod 

Machine  steel 

Tool  Steel 

1/4 

0.004 

0.008 

0.002 

5/16 

0.004 

0.004 

0.008 

8/8 

0.005 

0.0045 

0004 

1/2 

0.0055 

0.005 

0.0045 

8/4 

0.006 

0.005 

0.005 

1 

0.0065 

0  005 

0  0055 

in  which  A  =  diameter  of  center  in  the  work, 

B  =  diameter  of  point  where  the  118-degree  angle  termin- 
ates, 
C  =  length  of  point  with  118-degree  included  angle. 
Z)  =  length  of  part  with  90-degree  included  angle, 
JS;  =  total  depth  of  centered  hole. 
/e  =  ri8e  on  cam  for  centering  (first  condition). 

Speeds  and  Feeds  for  Centering' 

The  surface  speeds   for  centering  tools  should  be  the  same  as  for 
drills,  a  table  for  which  will  be  given  later.     The  feed  for  centering 
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tools  (as  they  are  generally  large  enough  to  stand  a  heavy  feed)  is 
also  the  same  in  most  cases.  Table  II  gives  the  feeds  for  centering 
tools  having  diameters  as  specified.  These  feeds  have  been  found 
satisfactory  for  general  work. 

CenterinflT  Tool  Holders 
The  manner  in  which  a  centering  tool  is  held  when  applied  to  the 
work  governs  to  a  considerable  extent  the  results  obtained.     The  tool 
should  be  held  rigidly  and  concentric  with  the  center  of  the  work  if 
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Fiff.  4.    Various  Types  of  Oentsrinflr  Tool  Holders 

an  imperfect  center,  as  shown  at  C  in  Fig.  1,  is  to  be  avoided.  At  A 
in  Fig.  4  is  shown  a  common  form  of  centering  tool  holder.  This 
holder  has  been  found  very  successful  for  general  conditions  when  the 
work  has  been  gaged  to  length  by  a  stop,  thus  obviating  the  necessity 
of  using  a  facing  tool.  It  is  provided  with  a  split  bushing  a,  as  shown 
in  the  end  view,  or  is  made  without  the  bushing,  the  hole  for  the  cen- 
tering tool  simply  passing  through  the  body  and  the  shank,  and  being 
of  the  same  diameter  as  the  centering  tool.  In  most  cases  the  holder 
with  the  split  bushing  is  preferable,  as  the  tool  is  more  easily  set  con- 
centric with  the  center  of  the  work.  At  B  in  Fig.  4  is  shown  a  com- 
bination centering  and  facing  tool  holder.     This  holder  is  used  when 


Digitized  by  CjOOQ iC 


CENTERIXG  AND  DRILLING  9 

the  stop  for  gaging  the  work  to  length  has  been  dispensed  with,  the 
tool  b  being  used  for  facing  the  work  to  the  required  length.  This  is 
found  to  be  a  very  suitable  holder  when  the  work  does  not  project 
more  than  2^^  times  its  diameter  from  the  face  of  the  chuck.  At  C  in 
Fig.  4  is  shown  a  combination  centering  and  facing  tool  holder  with 
a  supporting  bushing  c,  which  is  held  in  the  body  of  the  tool  by  two 
headless  screws  d,  shown  in  the  end  view.  The  centering  tool  is  held 
in  a  split  bushing  by  set-screw  k.  The  turning  or  facing  tool  e  is 
adjusted  to  cut  the  required  diameter  by  set-screw  /  and  headless 
screws  g,  the  block  h  acting  as  a  fulcrum.  This  holder  is  used  when 
the  work  has  been  turned  before  centering,  and  it  is  also  found  con- 
venient for  centering  long  and  slender  work.  A  Brown  ft  Sharpe  float- 
ing holder  is  used  for  holding  the  centering  tool  when  the  turret  and 
spindle  are  not  concentric,  or  when  extreme  accuracy  is  desired. 

Drills  and  Drlllinflr 

For  general  work  commercial  drills  of  the  two-fluted  type  are  used 
exclusively  on  the  Brown  ft  Sharpe  automatic  screw  machines  for 
drilling  cylindrical  holes.  The  spiral  fluted  drill  is  used  for  drilling 
machine  steel,  Norway  iron,  etc.,  and  also  for  shallow  holes  in  brass; 
but  when  deep  holes  are  to  be  drilled  in  brass,  a  straight-fluted  drill 
should  he  used  In  preference  to  a  spiral  drill,  as  it  breaks  up  the 
chips,  allowing  them  to  be  removed  with  greater  ease.  The  grinding 
of  the  lips  on  the  cutting  edge  of  the  drill  has  a  considerable  bearing 
on  the  shape  of  the  chips  produced  and  also  on  the  amount  of  power 
required  to  force  the  drill  into  the  work.  If  the  angle  as  previously 
given  is  used,  and  if  the  point  of  the  twist  drill  is  ground  thin.  It  will 
produce  a  long,  curling  chip,  and  will  not  require  much  power  for 
drilling.  When  drilling,  if  the  edges  of  the  drill  burn,  it  is  an  indi- 
cation that  the  surface  speed  is  too  high;  if  the  drill  chips,  the  feed 
is  too  great;  and  if  the  drill  splits  at  the  point,  that  the  proper  clear- 
ance has  not  been  given  at  the  cutting  edges.  If  the  centering  tool 
and  drill  have  been  ground  to  the  correct  included  point-angle  there 
Is  no  reason  why  the  drill  should  not  produce  a  straight  and  cylin- 
drical hole,  provided  the  feed  is  not  too  heavy. 

Cam  Rise  for  Drilling- 
There  are  three  general  conditions  which  govern  the  amount  of  rise 
required  for  drilling.    They  are  as  follows: 

First:  When  the  drill  does  not  pass  through  the  work  and  a  cen- 
tering tool  is  not  used. 

Second:  When  the  drill  does  not  pass  through  the  work  and  a  cen- 
tering tool  is  used. 

Third:  When  the  drill  passes  through  the  work  and  a  centering 
tool  is  used. 

There  Is  also  another  condition,  viz,,  when  tlie  drill  passes  through 
the  work  and  a  centering  tool  is  not  used;  but  as  this  is  not  a  com- 
mendable method,  it  is  not  here  considered. 
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The  rise  on  the  cam  for  drilling  as  governed  by  the  preylous  con- 
ditions is  as  follows: 

First:     «  =  a  +  e -h  0.010  inch  (see  B  in  Pig.  2). 
Second:     ie  =  (jr  —  a -h  0.010  inch  (see  B  in  Pig.  2). 
Third:     i?  = /i -f  Jfc  —  a  +  0.010  inch  (see  C  in  Pig.  2). 
where  -R  =  rise  on  cam  for  drilling, 

(7=:  depth  of  hole  to  be  drilled, 
c  =  length  of  point  on  the  drill  (see  Table  I), 
/t  =  overall  length  of  the  work, 
A;  =  thickness  of  the  cut-off  tool, 

a  =  distance  that  the  straight  part  of  the  drill  projects  from 
the  face  of  the  work  into  the  centered  hole  before  starting 
to  cut  (see  A  in  Fig.  2). 
The  values  of  a  for  centering  tools  having  90-  and  100-degree  point- 
angles  are  as  follows: 

For    90  degrees,  0=  (d  — c)  X  0.5    inch. 
For  100  degrees,  a=:^{d  —  c)  X  0.43  inch, 
where  d  =  diameter  of  centered  hole, 
c  =  diameter  of  drill. 

Deep-hole  DrlUinflr 

The  automatic  screw  machine  lends  itself  to  the  production  of  straight 
holes,  but  when  producing  deep  holes  there  are  a  number  of  difficul- 
ties to  overcome:  In  the  first  place,  the  drill  is  not  at  the  will  of  the 
operator,  and  cannot  be  withdrawn  from  the  work  when  it  begins  to 
seize  or  plug  up  with  chips;  in  the  second  place,  keeping  the  point 
of  the  drill  cool  and  removing  the  chips  is  a  difficult  proposition;  and, 
in  the  third  place,  the  feed  of  the  drill  is  governed  automatically.  It 
is,  therefore,  necessary  to  have  the  drill  well  lubricated  and  the  feed 
moderate. 

For  shallow  holes  the  best  results  are  obtained  by  giving  a  rotary 
motion  to  the  work  and  a  feeding  motion  to  the  drill,  but  when  drill- 
ing deep  holes,  the  drill  and  the  work  should  both  be  given  a  rotary 
motion.  This  helps  to  clear  the  chips  from  the  hole  and  also  allows 
oil  to  penetrate  to  the  cutting  point  of  the  drill. 

When  drilling  deep  holes  the  drill  should  not  penetrate  into  the 
work  more  than  two  and  one-half  times  the  diameter  of  the  drill  be- 
fore being  withdrawn  from  the  work.  For  drilling  deep  holes  in  tool 
and  machine  steel,  the  spiral  fluted  drill  is  generally  used  with  good 
results,  but  for  drilling  deep  holes  in  brass,  the  straight-fluted  drill 
gives  better  satisfaction,  as  it  does  not  produce  a  long,  curling  chip, 
which  is  generally  objectionable.  Further  information  on  the  subject 
of  deep  hole  drilling  can  be  obtained  from  Machinert's  Reference 
Book  No.  25.  "Deep  Hole  Drilling." 

DesigrninflT  Cams  for  Deep-hole  Drillinir 
As  was  previously  mentioned,  the  drill  should  be  dropped  back  clear 
of  the  drilled  hole,  so  that  the  chips  can  be  removed  from  the  flutes 
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and  the  drill  cooled  and  lubricated.  To  accomplish  this  the  lead  cam 
is  laid  out  as  shown  in  Fig.  5;  to  explain  the  method  used  for  laying 
out  the  cam,  we  will  take  a  practical  example:  Assume  that  a  hole 
%  inch  in  diameter  and  %  inch  long  is  to  be  drilled  in  a  piece  of 
brass  rod.  Now,  it  can  be  seen  that  this  will  require  three  distinct 
lobes  on  the  cam,  as  it  will  be  necessary  to  drop  the  drill  back  twice 
in  producing  the  hole.  The  rises  for  the  various  lobes  can  be  found 
with  the  aid  of  the  following  formulas: 

Rise  on  first  lobe      =2%  X  D  +  0.005  inch. 

Rise  on  second  lobe  =  2%  XD'\-  0.003  inch. 

Rise  on  third  lobe   =2      X  D  +  0.003  inch, 
where  D  =  diameter  of  drill  in  inches. 


Flff.  ff.    Method  of  Laylnir  out  Cams  for  I>eep*hole  DrUllxiff 

The  amount  for  each  successive  rise  should  be  decreased  in  about 
the  same  proportion,  and  the  feed  on  the  drill  should  also  be  decreased 
slightly  for  each  additional  lobe  when  cutting  machine  and  tool  steel; 
but  when  cutting  brass  the  feed  can  generally  be  uniform  for  each 
lobe.    The  rise  on  the  various  lobes  would  then  be  as  follows: 

Rise  on  first  lobe     =2%  x  %  -f  0.005  =  0.349  inch. 

Rise  on  second  lobe  =  2%  X  %  +  0.003  =  0.300  inch. 

Rise  on  third  lobe  =2      X  %  -f  0.003  =  0.253  inch. 

The  depth  to  which  the  drill  can  be  fed  Into  the  work  before  with- 
drawing can  sometimes  be  increased,  especially  when  a  turret  drilling 
attachment  is  used  and  the  drill  is  greater  than  %  inch  in  diameter. 

The  space  on  the  cam  surface  necessary  for  dropping  the  drill  back 
is  generally  equal  to  the  space  necessary  for  revolving  the  turret.  It 
is.  therefore,  advisable  to  use  more  than  one  drill  when  there  is  a 
sufficient  number  of  empty  holes  in  the  turret,  as  it  will  not  be  nec- 
essary to  resharpen  the  drills  so  frequently,  and  they  will  also  be  kept 
cooler. 
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Oil-p\unp  Attachment  for  Turret  Tools 
When  a  good  supply  of  oil  to  the  cutting  edge  of  the  tool  is  neces- 
sary for  drilling  deep  holes,  the  attachment  A  shown  In  Fig.  6  is 
used.  To  the  right  of  the  engraving  the  attachment  is  shown  inserted 
In  the  turret,  and  to  the  left  it  is  shown  removed.  In  explaining  how 
this  attachment  works  we  will  refer  to  the  line  engraving,  Fig.  8. 
The  oil  is  brought  through  the  pipe  a,  as  shown,  up  into  the  tube  c. 
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an 

Fig.  6i    No.  CO  Brown  ^Sharpe  Automatic  Screw  ICaohine  equipped 
with  Oil-pumping  Attachment  for  Turret  Tools 


Fig.  7.    No.  a  Brown  A  Bhetrpe  Automatic  Screw  Machine  equipx>ed 
with  DrilUng  Attachment 

which  is  held  In  the  split  elbow  ft.  The  pipe  c  passes  through  the 
bronze  bearing  in  the  turret  spindle  to  the  oiling  attachment  e.  This 
pipe  has  a  slot  /,  3/4  inch  long  by  3/32  inch  wide,  cut  in  the  end  fac- 
ing the  chuck.  It  is,  therefore,  obvious  that  oil  can  flow  from  this 
pipe  only  through  the  tools  which  are  facing  the  chuck  and  in  oper- 
ation on  the  work.  If  any  of  the  holes  in  the  turret  are  not  in  use, 
a  plug  is  inserted  as  shown  at  g.  A  clearer  view  of  this  plug  Is  shown 
at  A.  The  oiling  attachment  e  is  fastened  to  the  turret  by  two  small 
screws  L    Thus  the  attachment  rotates  with  the  turret,  bringing  each 
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hole  successively  into  line  with  slot  f,  where  the  oil  can  flow  through. 
The  outer  shell  of  this  oiling  attachment  is  shown  at  B.  Slots  1/2 
inch  long  by  3/32  inch  wide  are  cut  in  the  hexagonal  surfaces  ag 
shown,  allowing  the  oil  to  pass  through.  The  idea  of  having  these 
slots  elongated  is  to  provide  oil  to  the  tools  where  it  is  impossible  to 
have  the  oil  pass  through  the  hole  in  the  center  of  the  tool.  A  hole 
can  be  drilled  close  to  the  outside  of  the  shank,  and  passing  through 
the  body,  thus  allowing  the  oil  to  penetrate  to  the  cutting  point  of 
the  tool. 

Turret  Drilllnfir  Attachment 

In  Fig.  7  is  shown  a  No.  2  Brown  &  Sharpe  automatic  screw  ma- 
chine equipped  with  a  turret-drilling  attachment,  two  drill  holders 
A  and  B  being  shown  in  position  in  the  turret     This  attachment  is 


JfacA/fien.y.r 


Fiff.  8. 


Sectional  View  sbowlnff  Ctonstructlon  of  OU'pumpinff 
Attaohment  for  Turret  Tools 


driven  from  the  overhead  works  by  the  %-lnch  twisted  belt  C,  the 
shaft  passing  through  the  turret  connecting  the  pulley  D  with  the 
bevel  gears  E.  The  manner  in  which  this  attachment  is  located  and 
held  in  the  turret  is  clearly  shown  in  the  sectional  view  Fig.  9.  The 
pulley  D  is  keyed  to  the  shaft  F  and  is  also  held  in  position  with  the 
nut  a.  Shaft  F  knd  bevel  gear  J57,  are  made  in  one  piece.  The  spindle 
of  the  drill  holder  is  made  of  steel,  hardened  and  ground,  and  runs  in 
phosphor-bronze  bearings. 

The  grooved  pulley  on  the  countershaft  can  be  changed  to  increase 
or  decrease  the  speed  of  the  drill,  as  may  be  desired.  The  drill  is 
revolved  in  the  opposite  direction  to  that  in  which  the  spindle  and 
work  are  rotating,  thus  increasing  the  speed  of  the  drill  relative  to 
the  speed  of  the  other  tools.  It  is,  therefore,  obvious  that  the  lobe 
on  the  cam  for  the  drilling  operation  cannot  be  calculated  from  the 
speed  of  the  spindle  alone,  but  must  also  take  into  consideration  the 
speed  of  the  drilling  attachment.  To  illustrate  clearly  the  method  of 
finding  the  number  of  revolutions  required  for  drilling  we  will  take  a 
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practical   example.     Before   proceeding  with   the   calculation   we   will 
assume  the  following  values  for  speeds,  depth  of  hole,  time,  etc.: 
Let  speed  of  spindle  =  1200  R.P.M., 

speed  of  drilling  attachment  =  900  R.P.M., 
number  of  seconds  to  make  one  piece  =  20, 
total  number  of  revolutions  to  complete  one  piece  =  400, 
depth  of  hole  plus  amount  to  approach  =:  %  inch, 
diameter  of  drill  =  1^  inch, 
feed  on  drill  =*0.0032  inch  per  revolution. 
The  total  number  of  revolutions  required  for  drilling,  if  the  drilling 

0.375 

attachment  were  not  used,  would  be  = =  117  revolutions. 

0.0032 


priLLlHO  ATTAOHMttO' 
TURRET 


7iJJJJ/f//J/J////////I/,Ti^r^^ 
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Flff.  O.    Sectional  View  showliiff  Ckmatruotlon  of  I^rUlinff  Attoohxneot 

The  actual  number  of  revolutions  required  for  drilling  when  using 

1200 
the  drilling  attachment  = X  117  =  66.85,  or  approximately. 


67  revolutions. 


1200  +  900 


Advantages  of  Turret  Drilling  Attachment 

The  following  are  three  of  the  many  advantages  gained  by  using  this 
attachment:  First,  the  drill  and  the  work  are  both  given  a  rotary 
motion,  which  tends  to  produce  a  hole  more  straight  than  if  the  work 
alone  were  rotated;  second,  rotating  the  drill  facilitates  the  removal 
of  the  chips  from  the  hole  and  also  allows  the  lubricant  to  penetrate 
to  the  cutting  point;  third,  a  suitable  surface  speed  for  the  drill  is 
obtained  without  increasing  the  cutting  speed  of  the  other  tools  in  the 
turret. 

It  may  also  be  mentioned  that  a  spiral-fluted  drill  gives  satisfactory 
results  for  drilling  machine  steel  and  brass  when  using  this  attach- 
ment; but  for  drilling  brass  where  a  long,  curling  chip  is  objection- 
able, the  lips  of  the  twist  drill  can  be  ground  in,  making  the  drill 
similar  to  a  flat  drill. 
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Cross-slide  DriUingr  Attachment 

It  is  sometimes  found  necessary  to  drill  holes  in  a  piece  of  work  at 
right  angles  to  the  center  line,  or,  in  other  words,  across  the  piece. 
For  this  kind  of  work  the  cross-slide  drilling  attachment  shown  at  A 
in  Fig.  10  is  found  very  serviceable.  To  apply  this  attachment  to  the 
cross-slide,  the  toolpost  which  carries  the  circular  tool  is  removed  and 
the  attachment  located  in  its  place.  The  attachment  \s  then  held  to 
the  cross-slide  by  means  of  screw  and  nut  o.  The  drill  is  held  in  a 
bushing  in  the  spindle  b  by  means  of  the  headless  screw  shown.  The 
two  screws  c  are  providefd  for  taking  up  the  wear  in  the  bronze  bear- 
ing. The  small  grooved  pulley  d  is  keyed  to  the  spindle  h  and  held 
by  the  nut  and  washer  shown.  The  large  grooved  pulley  B  is  located 
on  the  countershaft  and  drives  the  cross-slide  drilling  attachment 
through  the  medium  of  a  %-  or  %-inch  twisted  belt,  the  size  of  the 


Flff.  lO.    Brown  &  Sharpe  Oross-slide  Drminff  Attachment 

belt  depending  on  the  machine  to  which  the  attachment  is  to  be  fitted. 
In  cross-drilling  it  is  necessary  to  stop  the  spindle  and  to  hold  it 
rigidly  before  the  drill  can  operate.  A  brake  shown  at  C  for  holding 
the  spindle  when  drilling  is  used  for  this  purpose.  The  brake  proper 
ifi  made  from  soft  iron  and  has  a  strip  of  leather  g  attached  to  its  inner 
surface,  which  grips  the  spindle  firmly,  preventing  it  from  slipping. 
The  cap-screw  e  is  used  for  tightening  the  clamp  on  the  pulley.  The 
lug  /  is  located  on  the  pin  which  acts  as  a  stop  for  the  cross-slide 
tools. 

.  It  is  obvious  that  when  using  a  cross-slide  drilling  attachment, 
threading  operations  cannot  be  performed  without  the  aid  of  a  die 
and  tap  revolving  attachment,  as. the  spindle  can  rotate  in  one  direc- 
tion only.  When  using  a  revolving  attachment  in  connection  with  the 
cross-drilling  attachment,  the  threading  attachment  rotates  the  tap  in 
the  proper  direction  to  release  it  from  the  work  when  the  spindle  is 
stopped.  The  tap  is  operated  at  one-half  the  spindle  speed.  Hence,, 
for  example,  if  a  right-hand  thread  is  being  cut,  the  tap  is  rotated 
left-hand,  advancing  in  the  work  when  the  spindle  is  running  and  re- 
treating when  the  spindle  is  stopped.     An  opening  die-holder  is  also 
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sometimes   used   for   cutting  external   threads   when   a  cross-drilling 
attachment  is  used. 

The  method  of  fitting  up  this  attachment  is  as  follows:  The  belt 
is  removed  from  the  pulley  nearest  the  collet,  and  the  hand  C  ex- 
panded over  the  pulley.  It  is  then  fastened  to  the  pin  which  acts  as 
a  stop  for  the  cross-slide,  and  clamped  to  the  pulley  by  cap-screw  e. 
The  dogs  on  the  drum  are  then  set  to  throw  the  clutch  onto  the  pul- 
ley, which  is  clamped  Just  before  the  drilling  attachment  advances 
toward  the  work.  After  the  drilling  operation  has  been  completed  and 
the  drill  retreats  from  the  work,  the  clutch  is  thrown  out  and  onto 
the  other  pulley  and  the  other  operations  continued.  The  spindle  is 
started  and  stopped  practically  instantaneously,  but  it  is  advisable  to 
allow  a  moment's  time,  equivalent  to  about  five  revolutions,  before  and 
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after  the  drilling  operation,  for  clearance.  The  drill  should  be  ground 
with  a  more  acute  point-angle  than  for  ordinary  work,  and  should  also 
be  ground  thin  at  the  point  to  facilitate  its  starting  into  the  work. 
The  rise  on  the  cam  is  similar  to  the  rise  for  ordinary  drilling,  but 
the  feed  should  be  less.  In  most  cases,  for  cross-drilling  operations. 
It  is  an  advantage  to  carry  a  guide  bushing  in  the  turret  for  locating 
the  drill.  Under  this  condition  it  is  obvious  that  the  work  is  drilled 
as  if  it  were  held  in  a  jig.  as  the  bushing  is  held  in  a  fioating  holder 
that  can  be  adjusted  to  produce  the  desired  relation  between  the  cross- 
hole  and  the  outside  diameter  of  the  work. 

Drill  Holders 
There  are  various  types  of  drill  holders  used  in  the  automatic  screw 
machine,  some  of  them  being  more  complicated  and  expensive  than  is 
really  necessary.  The  alignment  of  the  turret  holes  with  the  spindle 
is  nearly  always  perfect,  and  it  Is  not  necessary  to  have  floating  hold- 
ers for  holding  a  drill.    At  A  In  Fig.  11  Is  shown  a  common  form  of 
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being  in  one  piece,  a  separate  bushing  is  used.  This  holder  is  easier 
to  set  concentric  with  the  work,  but  the  extra  cost  prohibits  its  use 
to  a  great  extent.  The  bushing  as  used  in  this  holder  is  shown  at  c. 
For  ordinary  work  the  holder  shown  at  A  is  recommended. 

Drilling  Speeds  and  Feeds 

When  drilling  in  the  Brown  k  Sharpe  automatic  screw  machines,  the 
best  results  are  generally  obtained  by  giving  the  drills  light  feeds  and 
high  peripheral  velocities.  High-speed  steel  drills  are  commendable 
for  drilling  Norway  iron,  machine  steel,  tool  steel,  etc.,  but  the  ordi- 
nary carbon  steel  drills  are  suitable  for  brass  and  similar  materialB 
when  the  surface  speed  does  not  exceed  that  given  in  the  following. 
The  surface  speeds  here  given  for  carbon  and  high-speed  steel  drills 
have  been  found  satisfactory  for  the  materials  specified: 

BPBBD0  FOR  OBDINART  CARBON  8TBBL  DRILLS 

Surface  Speed  in  Feet 
IfeterUa  per  Minute 

Brass  (ordinary  quality) 160 — 180 

Gun-screw  iron  60 —  70 

Norway  iron  and  machine  steel 60 —  60 

Drill  rod  and  tool  steel 30—  40 

BPBBD8  FOR  HIOH-BFBRD  SmL  DRILLS 

Surface  Speed  in  Feet 
Materiel  per  Minute 

Oun-screw  iron   100 — 125 

Norway  iron  and  machine  steel 80 — 100 

Drill  rod  and  tool  steel 50 —  60 

Feeds  for  high-speed  and  ordinary  carbon  steel  twist  drills  are  given 
in  Table  III.  The  feeds  given  are  for  general  work,  but  when  the 
surface  speed  is  not  high  the  feed  on  the  drill  can  be  increased  some- 
what. It  is  found  to  be  more  satisfactory  in  general  practice  to  keep 
the  feed  down,  as  a  more  straight  hole  can  be  produced  than  if  the 
drill  is  forced. 

Drills  from  1/8  inch  to  3/16  inch  are  capable  of  standing  the  heav- 
iest feeds  in  proportion  to  their  diameter,  and  when  a  hole  does  not 
pass  through  the  work  a  %-inch  drill  has  been  found  to  stand  a  feed 
of  0.016  inch  per  revolution  when  drilling  brass.  Feeds  as  heavy  as 
this  are  not  recommended,  because  concentric  holes  cannot  be  produced 
when  the  drill  is  forced  to  such  an  extent 
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CHAPTER  II 


OOUNTERBORING  AND  REAMING  OPERATIONS 

As  a  rule,  more  trouble  U  experienced  in  applying  counterbores  to 
the  work  on  automatic  macliines  tlian  is  experienced  witli  any  other 
cutting  tool.  This  is  probably  due  to  the  fact  that  counterbores  are 
generally  improperly  made  for  the  work  on  which  they  are  to  operate. 
(Generally  speaking,  there  are  several  reasons  for  the  unsuccessful 
working  of  counterbores,  some  of  which  may  be  summed  up  as 
follows: 

1.  Too  many  cutting  edges,  not  allowing  enough  chip  space  and 
also  not  providing  for  sufficient  lubrication. 

2.  Too  much  cutting  surface  in  contact  with  the  work. 

3.  Insufficient  clearance  on  the  periphery  of  the  teeth. 

4.  Improper  location  of  the  cutting  edges  relative  to  the  center. 

5.  Improper  method  of  holding  the  counterbore. 

6.  Improper  grinding  of  the  cutting  edges. 

7.  Too  weak  a  cross-section. 

8.  The  use  of  a  feed  and  speed  in  excess  of  what  the  tool  will  stand. 
For  general   work,  and   especially  for   automatic   work   where  the 

counterbore  cannot  be  withdrawn  when  it  plugs  up  with  chips  and 
seizes  in  the  work,  this  tool  should  not  have  more  than  three  cutting 
teeth.  The  periphery  of  the  teeth  should  be  backed  off  eccentrically, 
and  the  body  of  the  counterbore  should  taper  towards  the  back.  The 
amount  of  taper  generally  varies  from  0.020  to  0.040  inch  per  foot. 
The  relation  of  the  cutting  edge  to  the  center  has  an  important  bear- 
ing on  the  efficiency  of  the  tool.  For  deep  counterboring,  where  the 
difference  between  the  diameter  of  the  teat  and  the  body  of  the  coun- 
terbore is  great,  the  cutting  edge  should  never  be  located  ahead  of 
the  center;  in  fact,  if  it  is  located  a  little  below  the  center  far  better 
results  are  obtained.  This  rule  is  only  general,  of  course,  as  the 
material  to  a  considerable  extent  governs  the  location  of  the  cutting 
edges. 

Location  of  the  Cutting  Edges 

At  A  in  Fig.  12  is  shown  a  three-tooth  counterbore  with  its  cutting 
edges  located  ahead  of  the  center.  Locating  the  cutting  edge  ahead 
of  the  center  is  advisable  when  the  counterbore  is  to  be  used  as  a 
facing  tool,  or  used  for  counterboring  brass,  and  it  is  not  required  to 
extend  into  the  work  to  a  depth  greater  than  its  diameter,  but  it 
should  preferably  be  used  for  facing  operations  only.  If  the  counter- 
bore is  made  in  this  manner  and  used  on  steel  the  cutting  teeth  have 
a  tendency  to  force  the  chips  against  the  surface  of  the  work.  Con- 
sequently, when  it  is  not  properly  lubricated,  the  work  and  counter- 
bore become  heated,  and  cause  the  chips  to  seize,  thus  producing  poor 
work  and,  generally,  a  broken  counterbore. 
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At  B  are  shown  the  teeth  cut  radially  to  the  center.  For  general 
work  this  is  the  best  location  for  the  cutting  edges  relative  to  the 
center.  There  is  not  the  same  tendency  to  force  the  chips  against  the 
surface  of  the  work.  Teeth  cut  radially  to  the  center  are  suitable  for 
either  brass  or  steel  work,  but  when  used  on  steel,  it  is  preferable  to 
have  the  teeth  cut  spirally.  A  spiral  which  will  give  a  rake  of  from 
10  to  15  degrees  generally  gives  the  best  results. 

At  C  are  shown  the  teeth  cut  below  the  center.  This  is  the  proper 
location  for  the  cutting  edges  of  the  teeth  where  the  difference  be- 
tween the  diameter  of  the  teat  and  the  body  of  the  counterbore  is  not 
very  great,  and  where  the  counterbore  is  to  extend  into  the  work  to 
a  depth  greater  than  its  diameter.  This,  as  can  be  seen,  gives  a  lip 
to  the  counterbore  which  has  a  tendency  to  lift  the  chips  from  the 
cutting  surface  of  the  work,  thus  preventing  them  from  seizing. 

Various  Types  of  Counterbores 
When  counterboring  a  hole  where  a  large  amount  of  material  is  to 
be  removed,  and  where  the  counterbore  is  to  extend  into  the  work  to 


/  / 
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OF  CENTER 


CUTTINQ  EDGE  RADIAL 
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Flff.  12.    Location  of  the  Outtinff  Bd^es  for  Various  Ooziditiona 

a  depth  greater  than  its  diameter,  it  is  generally  advisable  to  rough 
out  the  hole  to  the  diameter  of  the  body  of  the  counterbore  with  a 
three-fluted  drill,  such  as  shown  at  A,  Fig.  13.  Then  the  counterbore 
is  used  only  for  squaring  up  the  shoulder  at  the  bottom  of  the  hole. 
This  method  is  especially  advisable  when  counterboring  machine  or 
tool  steel. 

At  B  is  shown  a  counterbore  which  can  sometimes  be  used  to  advan- 
tage on  brass  work,  but  which  is  not  recommended  for  steel.  It  Is 
made  on  the  same  principle  as  a  flat  drill  with  the  exception  that  the 
teat  has  no  cutting  edges.  At  C  is  shown  another  counterbore  for 
brass  work,  which  has  three  cutting  edges,  and  at  D  is  shown  a  coun- 
terbore for  steel  work,  having  its  teeth  cut  spirally.  Teeth  cut  on  a 
spiral  which  will  produce  a  rake  angle  of  10  to  15  degrees  are  gen- 
erally found  suitable  for  machine  or  tool  steel.  Counterbores  of  the 
type  shown  at  C  and  D  should  have  inserted  leaders  or  teats  to  facili- 
tate their  re-sharpening. 

At  E  is  shown  a  counterbore  which  is  recommended  for  work  hav- 
ing complicated  shapes,  or  requiring  to  have  two  or  more  diameters 
finished  with  the  same  tool.    This  tool  is  backed  off  helically  as  shown. 
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thus  allowing  it  to  be  ground  and  still  retain  its  initial  shape  and  size. 
The  backing  off  is  accomplished  on  the  lathe  in  the  following  manner: 
The  lathe  is  geared  up  to  cut  six  or  eight  threads  per  inch,  depending 
on  the  diameter  of  the  counterbore  and  the  amount  of  clearance  re- 
quired. The  counterbore,  after  being  turned  to  the  required  dimen- 
sions, is  milled  as  shown  at  h.  It  is  then  placed  on  the  centers  of  the 
lathe,  being  driven  by  a  dog,  and  a  facing  tool  used  for  backing  it  off. 
The  backing  off  is  accomplished  by  pulling  on  the  belt  for  each  cut. 
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Fig,  18.    VarlouB  Typea  of  Oounterbores 

Starting  and  finishing  at  the  groove  6  until  the  backing  off  is  com- 
pleted. Where  a  backing-off  attachment  which  is  operated  by  a  remov- 
able cam  Is  available,  this  tedious  operation  can  be  done  with  greater 
ease  and  rapidity. 

The  counterbores  described  are  for  making  pieces  in  which  the  hole 
extends  through  the  work  or  to  a  depth  which  permits  using  a  leader 
or  teat;  but  for  work  in  which  the  hole  bottoms,  that  Is,  does  not  ex- 
tend far  enough  into  or  through  the  work,  these  counterbores  could 
not  be  used.  The  ordinary  method  used  in  producing  holes  which  bot- 
tom is  to  use  flat  drills  and  combination  counterbores  and  facing  tools. 
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Flat  Drills  and  Combination  Counterbores 


At  A  in  Fig.  14  is  shown  a  flat  drill  which  is  used  for  roughing  out 
a  hole  having  one  diameter,  and  at  B  is  shown  the  counterbore  or 
facing  tool  which  is  used  for  squaring  it  up.  The  cutting  edge  a  on 
the  tool  should  be  set  about  0.1  times  the  diameter  ahead  of  the 
center,  and  the  thickness  of  the  blade  }>  should  be  about  one^ighth  of 
the  diameter.    At  C  is  shown  a  flat  drill  or  counterbore  for  producing 


Flff.  14.    Flat  Drills  and  Oombination  Ooanterborea 

a  hole  having  two  diameters,  and  at  D  is  shown  the  combination  coun. 
terbore  and  facing  tool  for  squaring  it  up.  This  counterbore  is  adjust- 
able, the  part  a  being  adjusted  with  relation  to  part  h  by  means  of 
the  headless  screw  c,  thus  governing  the  distance  between  the 
shoulders,  the  headless  screw  d  being  used  to  prevent  the  part  a  from 
rotating.  When  the  part  a  projects  out  from  the  part  h  a  distance 
greater  than  one-half  its  diameter,  care  should  be  taken  to  have  the 
shank  a  good  fit  in  part  &.  These  counterbores  can  be  used  for  either 
brass  or  steel  work,  but  for  steel  work  it  is  preferable  to  use  a  spiral- 
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fluted  drill  for  roughing  out  the  hole,  instead  of  a  flat  drill,  as  the 
material  can  be  removed  with  greater  ease  and  rapidity. 

Speeds  for  Counterbores 
The  surface  speed  at  which  a  counterbore  can  be  worked  is  slightly 
less  than  the  surface  speed  used  for  drilling.    The  surface  speeds  given 
below  are  recommended  for  counterbores  made  from  carbon  and  high- 
speed steeL 

BPBBD8  FOR  OOUMTBRBOBB8  ICADB  FROM  OARBON  8TBBL 

Surface  Speed  In  Feet 
Ifateriml  per  Minute 

Brass   (ordinary  quality) 150-160 

Gun-screw  iron   60-60 

Norway  iron  and  machine  steel 40-50 

Drill  rod  and  tool  steel 30-35 

8PBBDB  FOR  OOTTKTBRBORBB  MADB  FROM  BIOH-SFBRD  BTBBL 

Surface  Speed  In  FeeC 
Ifateriml  per  Minute 

Brass   (ordinary  quality) 180-200 

Gun-screw  iron   80-90 

Norway  iron  and  machine  steel 70-80 

Drill  rod  and  tool  steel 45-60 

Feeds  for  Counterbores 

The  method  of  holding  a  counterbore  when  applying  it  to  the  work, 
and  the  strength  of  the  cross-section  in  proportion  to  the  width  of  the 
chip  being  removed,  governs  to  a  considerable  extent  the  amount  of 
feed  to  be  .given.  The  material  being  cut  and  the  depth  to  which  the 
counterbore  penetrates  into  the  work,  also  have  an  important  bearing: 
on  the  rate  of  feed.  These  conditions  should  be  taken  into  consider' 
ation  when  using  the  feeds  given  in  Table  IV.  These  feeds  are  for 
counterbores  having  three  cutting  edges,  but  for  counterbores  having 
one  cutting  edge  the  feed  should  be  decreased  from  40  to  50  per  cent, 
and  for  two  cutting  edges,  from  15  to  20  per  cent  It  is  obvious  that 
no  deflnite  rule  can  be  laid  down  in  regard  to  the  exact  feed  to  ujse, 
on  account  of  the  number  of  conditions  which  govern  the  rate  of  feed. 
The  feeds  given  in  Table  IV  should  be  used  only  when  the  counterbore 
penetrates  from  one-half  to  three-quarters  of  its  diameter  into  the 
work.  When  the  counterbore  penetrates  to  a  greater  distance  the  feed 
should  be  decreased  from  15  to  25  per  cent.  It  is  good  practice  to 
always  drop  the  counterbore  back  after  it  has  penetrated  to  a  depth 
equal  to  half  its  dlamet^,  to  remove  the  chips,  and  to  cool  and  lubri- 
cate it.  The  same  method  can  be  used  for  dropping  back  the  counter- 
bore as  was  described  in  connection  with  deep-hole  drilling  in  the 
preceding  chapter. 

Holders  for  Counterbores 

For  counterbores  having  leaders,  a  rigid  holder  should  not  be  used, 
as  the  leader  will  follow  the  hole  previously  drilled  or  reamed,  and  if 
the  counterbore  is  not  allowed  to  float,  it  will  produce  poor  work,  and 
a  broken  tool  will  sometimes  be  the  result.    At  A  in  Fig.  15  is  shown 
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good  practice,  when  possible,  to  chamfer  the  hole  so  that  the  leader  will 
enter  easily.  The  counterbore  is  helh  by  the  split  bushing  e  and  set- 
screw  f.  If  this  holder  is  properly  made  and  set  it  will  be  found  to 
give  good  results  for  general  work. 

At  B  in  Fig.  15  is  shown  a  "floating"  holder  for  holding  the  flat  coun- 
terbore shown.  This  holder  is  not  an  actual  floating  holder,  but  would 
be  better  named  an  adjustable  holder.  It  is  made  adjustable  so  that 
the  tool  can  be  set  concentric  with  the  center  of  the  work.  After 
adjusting,  the  part  a  is  held  tightly  against  the  part  &  by  the  cap- 
screws  c.  The  clearance  holes  in  the  part  a  for  the  cap-screws  c  are 
made  about  1/16  inch  in  diameter  larger  than  the  body  of  the  screw. 
The  counterbore  is  held  in  the  part  a  by  set-screw  d.    This  holder  is 
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Fl0.  16.    Method  of  Holding  Ooxmtarboree  for  Various  Conditions 

also  found  very  serviceable  for  holding  a  counterbore  when  the  hole  to 
be  counterbored  penetrates  into  the  work  to  a  distance  greater  than 
its  diameter  and  a  chucking  drill  has  been  used  to  rough  it  out. 

ReaminfiT  and  Reamers 

When  it  is  necessary  to  make  a  perfectly  round  and  accurate  hole  in 
the  work,  a  reamer  is  used,  the  drilled  hole  being  left  slightly  smaller 
to  allow  enough  material  for  the  reamer  to  true  it  up  and  bring  it  to 
the  desired  size.  It  Is  always  advisable  not  to  leave  any  more  ma- 
terial to  be  removed  by  the  reamer  than  Is  absolutely  necessary.  For 
general  work  the  amounts  given  In  the  following  list  will  give  good 
results  for  reamers  ranging  in  diameter  from  1/8  to  3/8  Inch.  For 
reamers  over  3/8  inch  diameter,  a  drill  1/64  inch  less  in  diameter  is 
generally  used,  and  this  would  leave  from  0.012  to  0.015  Inch  to  remove 
on  the  diameter,  as  it  is  obvious  that  a  drill  will  cut  slightly  larger 
than  its  nominal  size. 
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TABLB  OF  DIAMBTBBB  OF  BOLBS  DBHiLBD  FRBVIOUB  TO  RBAIONO 

Diameter  of  Hole  pre- 
yiouB  to  Reamins. 


Diameter  of  Reamer 
in  Inches 

1/8 

3/16 

1/4 

5/16 

3/8 


in  Inches 
0.120 
0.182 
0.242 
0.302 
0.368 


There  are  various  reasons  for  the  inefficient  working  of  a  reamer, 
some  of  which  are  the  following: 

1.  Chattering,  which  results  when  the  teeth  are  evenly  spaced. 

2.  Chips  clinging  to  the  teeth,  which  action  results  when  high  peri- 
phery velocities  are  used,  with  insufficient  clearance. 


TABIiB  V.    FBSDB  FOR  BBAMBRS  MADB  FBOIC  HIOH-SPBED 

AND  OABBON  BTBBL 

Diameter  of 

Brass  Rod. 

Machine  SteeL 

TooIStee^ 

Feed 

Feed 

Feed^ 

in  Inches 

per  Revolution 

per  Revolution 

per  Revolutioii 

A 

0.007 

0.004 

0.003 

0.008 

0.004 

0.003 

i. 

0.009 

0.006 

0.004 

0.010 

0.006 

0.005 

Jl 

0.011 

0.007 

0.006 

o.oia 

0.008 

0.007 

i. 

0.018 

0.009 

0.008 

0.014 

0.010 

0.009 

1 

0.015 

0.011 

0.010 

\\ 

0.016 

o.oia 

0.011 

} 

0.017 

0.018 

0.011 

« 

0.018 

0.014 

0.012 

J 

0.020 

0.015 

0.012 

3.  Expanding  and  contracting  of  the  hole,  which  is  caused  by  too 
heavy  feed  and  insufficient  clearance  on  the  cutting  edges. 

4.  Enlarged  and  tapered  holes,  due  to  holding  the  reamer  rigid 
instead  of  floating. 

There  are  various  methods  adopted  to  prevent  reamers  from  chatter- 
ing, but  the  unequal  spacing  of  the  teeth  has  been  found  the  most 
satisfactory  and  inexpensive.  For  machine  reamers  varying  from  1/8 
to  1/4  inch,  three  cutting  edges  are  sometimes  used,  but  the  difficulty 
encountered  in  measuring  their  diameter  with  micrometers  limits  their 
use  to  a  certain  extent.  As  a  general  rule,  therefore,  four  and  six  cut- 
ting edges  are  used  on  reamers  varying  from  1/8  inch  to  3/8  inch, 
and  8  to  12  cutting  edges  on  reamers  varying  from  3/8  inch  to  7/8 
inch. 

The  clinging  of  chips  to  the  teeth  is  generally  due  to  high  periphery 
velocities  and  improper  lubrication.  Insufficient  clearance  of  the  cut- 
ting edges  also  heats  the  work  to  a  considerable  extent,  which  causes 
the  chips  to  cling.     The  clinging  of  the  chips  is  more  noticeable  on 
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steel  containing  a  small  percentage  of  carbon  than  it  is  on  brass  or 
steels  which  contain  a  high  percentage  of  carbon. 

Reamers  are  generally  made  slightly  tapering  towards  the  back;  a 
taper  varying  from  0.002  to  0.005  inch  per  foot  is  generally  used,  and 
a  less  taper  should  be  used  for  brass  than  steel,  as  brass  work,  espe- 
cially thin  tubing,  contracts  and  expands  more  readily  than  steel,  so 
that,  if  a  perfect  hole  is  desired,  the  reamer  should  be  tapered  but 
slightly.  For  reaming  machine  steel  a  rose  reamer  is  generally  used, 
as  it  has  been  found  satisfactory  for  producing  straight  and  perfect 
holes.  This  reamer  tapers  towards  the  back  abd  is  not  relieved  on  the 
periphery  of  the  cutting  edges,  the  end  of  the  reamer  only  being 
backed  ofP. 

The  cutting  edges  of  reamers  are  generally  cut  on  the  center 
(radial)  for  steel,  but  for  brass  work  they  are  sometimes  cut  slightly 
ahead  of  the  center,  which  produces  a  scraping  action,  and  makes  a 
smooth  'cut 

Beamlner  Feeds  and  Speeds 

The  surface  speeds  used  for  reaming  should  be  slightly  less  than 
those  used  for  counterboring,  as  the  reamer  generally  penetrates  to  a 
greater  depth  and  has  more  cutting  surface  In  contact  with  the  work, 
which  tends  to  produce  excessive  heating  of  the  work  and  reamer,  re- 
sulting in  chips  clinging  to  the  cutting  edges,  with  rough  and  inaccu- 
rate work  as  a  consequence.  When  a  good  supply  of  lard  oil  is  used, 
the  following  surface  speeds  will  be  found  satisfactory. 

8PBBD8  FOR  RBAMBR8  MADE  FROM  CARBON  BTBBL 

Surface  Speed  in  Feet 
Material  per  Minute 

Brass   (ordinary  quality) 120-125 

Gun-screw  iron  35-40 

Norway  iron  and  machine  steel 30-35 

Drill  rod  and  tool  steel 20-25 

8PSBD8  FOR  RBLAMBR8  MADB  FROM  HIOH-SPBBD  BTBBL 

Surface  Speed  in  Feet 

Material  per  Minute 

Brass  (ordinary  quality) 150-160 

Gun-screw  iron  65-75 

Norway  iron  and  machine  steel 50-60 

Drill  rod  and  tool  steel 30-40 

The  feeds  for  reamers  given  in  Table  V  will  be  found  suitable  for 
general  work,  when  no  more  material  is  removed  on  the  diameter  than 
previously  stated.  When  reaming  thin  tubing,  especially  brass,  the 
feed  should  be  decreased  somewhat. 

The  method  used  for  holding  a  reamer  when  applying  it  to  the  work 
governs  to  a  considerable  extent  the  quality  of  the  hole  produced. 
When  reaming  a  deep  hole,  if  the  reamer  is  held  rigidly,  it  will  nearly 
always  produce  a  hole  which  will  be  tapered  and  large  in  diameter. 

At  A  in  Fig.  16  is  shown  a  floating  holder  which  is  sometimes  used. 
This  holder  is  cheaply  made,  but  is  not  a  commendable  holder  for  auto- 
matic screw  machine  work,  although  it  can  sometimes  be  used  to  ad- 
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vantage  on  the  hand  screw  machine.  One  of  the  disadvantages  of  this 
reamer  holder  is  that  the  reamer  drops  down  as  shown  at  a  if  much 
clearance  is  allowed  between  the  diameter  of  the  reamer  shank  and 
the  diameter  of  the  hole,  thus  preventing  the  reamer  from  enteringr 
easily  into  the  work,  which  generally  results  in  a  broken  reamer. 

At  B  is  shown  a  more  efficient  holder,  especially  for  deep  hole  ream- 
ing. The  reamer  is  guided  at  the  rear  by  a  cone.pointed  screw  b,  and 
is  kept  from  rotating  and  is  guided  at  the  same  time  by  the  two  cone- 
pointed  screws  c.    By  means  of  these  screws,  the  reamer  can  be  set  so 


I ^  I 


t; 


41 


[■  -^ 


H— — H 


ADJUST  TO  amNQ 
REAMER  CONCENTRIC 
WITH  HOLE  IN  WORK 


i^K 


T 


ADJUST  TO  BRINO 
REAMER  CONCENTRIO 
WITH  HOLE  IN  WORK 


MaeMn4rwJf.y* 


Fig.  10.    Method  of  Holding  Reamers  for  Various  Conditioiis 

that  it  will  enter  the  drilled  hole  easily,  and  at  the  same  time  be 
allowed  to  adjust  itself  to  correspond  to  the  eccentricity  of  the  hole  in 
the  work.  The  small  hole  d  is  drilled  through  the  shank  of  the 
reamer,  allowing  the  cone-pointed  screws  to  enter.  This  holder  will  be 
found  very  satisfactory  for  holding  reamers  when  it  is  not  necessary 
to  remove  an  excessive  amount  of  material.  At  C  Is  shown  a  floating 
holder  which  is  used  for  reaming  shallow  holes.  The  reamer  is  held 
rigidly  by  a  split  bushing  and  set-screw  /.  The  reamer  is  set  con- 
centric with  the  hole  In  the  work  by  loosening  the  cap-screws  a  and 
then  locating  It  in  the  hole  by  the  bevel  or  rounded  corners  on  the  end 
of  the  reamer. 
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RECESSING  TOOLS  AND  OPERATIONS 

In  this  chapter,  recessing  tools  and  recessing  operations  will  be 
described.  The  practice  outlined  is  that  generally  accepted,  and  when 
used  with  discretion  satisfactory  results  will  be  obtained.  The  speeds 
and  feeds,  of  course,  are  liable  to  some  variation  on  account  of  the 
conditions  which  govern  them,  but  the  feeds  given  are  not  exceedingly 
high  and  can  be  used  to  advantage  in  the  majority  of  cases. 

Three  different  types  of  recessing  tool  holders,  commonly  called 
swing  tools,  are  described,  but  it  will,  of  course,  be  seen  that  with 
slight  modifications  tool-holders  of  the  description  given  can  be  used 
for  various  classes  of  work.  Three  types  of  recessing  tools  are  also 
shown.  These  are  suited  for  three  different  conditions,  namely,  for 
chamfering  operations,  for  recessing  operations,  and  for  special  condi- 
tions— that  is,  the  third  tool  is  used  when  the  hole  in  the  work  is  so 
small  as  not  to  permit  the  use  of  either  of  the  other  tools.  Explicit 
instructions  are  also  given  for  laying  out  cams  for  chamfering  and 
recessing  operations. 

Beoessingr  and  Becessingr  Tools 
.  When  it  is  necessary  to  chamfer  a  hole  in  each  end  of  a  piece,  a 
recessing  or  so-called  "internal"  chamfering  tool  is  used,  which  elimi- 
nates a  second  operation.  A  recessing  tool  which  works  on  the  same 
principle  as  an  ordinary  boring-tool  is  used  for  chambering  or  reliev- 
ing a  hole  in  the  center,  that  is,  just  leaving  a  bearing  surface  at  each 
end.  The  recessing  or  chamfering  operation  should  always  precede  the 
reaming  operation,  so  that  all  burrs  thrown  into  the  hole  by  the  re- 
cessing tool  will  be  removed  by  the  reamer.  A  recessing  or  chamfering 
tool  should  be  operated  from  the  front  cross-slide  whenever  possible, 
for  the  following  reasons:  In  the  first  place,  it  is  generally  more  con- 
venient to  make  the  necessary  adjustments;  in  the  second  place,  turn- 
ing the  tool  upside  down  allows  the  chips  to  drop  to  the  bottom  of 
the  hole  where  they  are  easily  removed,  thus  allowing  the  tool  to  work 
with  less  obstruction;  and  in  the  third  place,  the  recessing  tool  can  be 
more  conveniently  operated  from  the  front  cross-slide,  by  means  of  the 
rising  block  used  In  connection  with  the  forming  tool  holder.  The 
regular  rising  block,  however,  is  removed  and  a  special  rising  block 
substituted,  which  has  a  cam  attached,  used  for  operating  the  recessing 
tool  holders. 

If,  on  the  other  hand,  the  recessing  tool  holder  is  operated  from  the 
rear  cross-slide,  the  recessing  either  must  be  done  when  the  spindle  is 
running  backwards,  or  else  it  will  be  necessary  to  make  a  special  cir- 
cular tool  holder,  in  which  the  distance  from  the  hole  through  which 
the  screw  is  inserted  to  hold  the  circular  tool,  to  the  top  face  of  the 
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croBS-sllde  is  of  a  less  height  than  that  ordinarily  used  on  the  rear 
croBB-filide. 

In  cutting  the  finished  piece  from  the  bar  after  recessing,  the  feed 
should  be  decreased  on  the  cut-off  tool,  so  that  the  piece  will  be  sev- 
ered without  leaving  a  burr  where  the  two  cuts  meet.  Decreasing  the 
feed  from  0.001  to  0.0006  inch  per  revolution  is  generally  found 
sufficient. 

At  A  in  Fig.  20  is  shown  a  recessing  tool  which  is  used  for  cham- 
fering, and  at  B  is  shown  a  tool  which  is  used  for  chambering.  This 
latter  tool  removes  the  superfluous  material  in  a  similar  manner  to  ai^ 
ordinary  boring-tool. 
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Figu,  17,  18  and  10.    Dla^ams  Uluatratloflr  the  Method  of  Deterpiinlnff 
ProportioQa  for  Ohamferisff  and  Beoeoalxiff  Tools 

The  chamfering  tool  shown  at  A  is  not  backed  off,  as  it  is  smaller 
in  diameter  than  the  hole  in  the  work,  which  gives  it  sufficient  peri* 
phery  clearance.  For  brass  work,  the  cutting  edge  is  cut  radial  as 
shown,  or  sometimes  below  the  center  when  less  clearance  is  neces- 
sary, as  shown  by  the  dotted  line  a,  but  for  steel  work  it  \a  cut  above 
the  center  a  distance  equal  to  0.1  of  the  diameter.  The  included 
angle  /3  of  the  cutting  edge  is  made  as  required,  the  angle  usually 
being  about  90  degrees. 

The  recessing  or  boring  tool  shown  at  B  has  its  sides  helically  re- 
lieved, giving  a  clearance  angle  of  from  5  to  8  degrees,  which  is  found 
satisfactory  for  ordinary  work.  For  brass  work  this  tool  is  cut  on  the 
center  or  below,  as  shown  by  the  dotted  line  5,  and  for  steel  work  the 
same  as  already  stated  for  chamfering  tool  A. 
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Where  the  hole  in  the  work  is  of  such  a  diameter  that  a  tool  made 
Bimilar  to  those  shown  at  A  and  B  would  be  too  slender  to  do  efficient 
work,  one  similar  to  that  shown  at  C  and  D  can  be  used.  The  diam- 
eter of  the  cutting  end  of  this  tool  need  only  be  about  0.008  to  0.012 
inch  smaller  than  the  hole.  The  distance  a  should  be  about  0.015  inch 
greater  than  the  depth  of  the  recess,  and  &,  of  course,  will  equal  %  a. 
The  amount  c  that  the  cutting  edge  is  cut  below  the  center,  should  be 
enough  to  give  the  tool  sufficient  negative  rake  for  brass,  but  for  steel 
it  should  be  cut  0.1  of  the  diameter  above  the  center. 

A  good  method  of  making  this  tool  is  as  follows:  Take  a  piece  of 
drill  rod  of  a  diameter  equal  to  the  diameter  of  the  shank  required 
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and  insert  it  in  a  draw-in  chuck  held  in  a  bench  or  other  suitable 
lathe.  Turn  down  the  body  of  the  tool  to  the  diameter  required,  then 
remove  the  tool  from  the  chuck,  and  put  it  back  with  a  narrow  strip 
of  sheet  steel  or  brass  placed  alongside  of  it,  the  thickness  of  which 
will  equal  the  dimension  &,  Fig.  20.  When  the  tool  has  been  tightened 
in  the  chuck,  light  cuts  can  be  taken  until  the  desired  amount  of  ma- 
terial has  been  removed.  When  the  tool  has  been  turned  eccentric,  as 
shown  at  C,  a  small  groove  is  milled  in  it  as  shown  at  D,  and  the  tool 
backed  off  for  clearance.  It  is  then  hardened  and  drawn  very  care- 
fully in  oil.  If  the  amount  of  eccentricity  required  on  the  tool  is  such 
that  the  tool  could  not  be  held  firmly  in  a  chuck  with  a  piece  of  sheet 
steel  inserted  alongside  of  it,  a  bushing  should  be  made  with  an  eccen* 
trie  hole,  the  eccentricity  of  the  hole  in  the  bushing  being  equal  to  the 
eccentricity  required  on  the  tool. 

Chamfering   and   recessing   tools   should   be   made   slightly   smaller 
than  the  diameter  of  the  drilled  hole  and  the  body  should  never  be 
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longer  than  is  necessary  to  clear  the  work,  allow  the  chips  to  pass  out. 
and  the  oil  to  penetrate  to  the  cutting  edge.  For  general  conditions 
the  following  proportions  for  chamfering  and  recessing  tools  will  be 
found  satisfactory: 

Proportions  for  Chamfering'  Tools  (for  Notation  see  Fig.  17) 

A  =  diameter  of  hole  before  reaming,  or  diameter  of  drill. 

B  =  diameter  of  chamfering  tool  ==  A  —  0.025  to  0.030  inch, 

C  =  diameter  of  chamfered  hole, 

D^  length  of  work,  or  distance  that  tool  projects  in  from  the  face 

of  the  work, 
E=  length  of  body  of  tool  =  1.25  D, 
F:=  diameter  of  body  of  tool  (when  included  angle  =  90  degrees)  = 

B— (2^ +  0.025  to  0.030inch). 
Q  —  width  of  blade  =  0.25  B  =  2H. 
/  =  diameter  of  shank,  as  follows: 

When  A  =  from  %  to  %  inch,  7  =  ^  inch. 
A  =  from  %  to  %  inch,  /  =  1^  inch. 
A  =  from  %  to  %  inch,  7=1  inch. 
ir  =  total  length  of  tool,  as  follows: 

When  7  =  14  inch,  K  =  E-\-%  inch. 
I  =  \^  Inch,  K  =  E-hlV4  inch. 
7=   1  inch.  K  =  E+1Vj  inch. 

Proportions  for  Becessing*  Tools  (for  Notation  see  Fig.  18) 

A  =  diameter  of  hole  before  reaming,  or  diameter  of  drill. 

B  =  diameter  of  recessing  tool  =  A  —  0.025  to  0.030  inch, 

0  =  diameter  of  recessed  hole, 

i)  =  distance  from  face  of  work  to  extreme  depth  of  recessed  hole, 

^=  length  of  body  of  tool  =  1.25  7), 

7^  =  diameter  of  body  6i  tool  =  B— (C  —  B -f  0.020), 

G  =  width  of  blade  =  0.2  B, 

fl^  =  diameter  of  shank,  as  follows: 

When  A  is  from  %  to  %  inch.  H  =  %  inch. 

A  is  from  14  to  V2  inch,  H=^  inch. 

A  is  from  V2  to  %  inch,  £7=   1  inch. 
/  =  total  length  of  tool,  as  follows: 

When  77=%  inch,  7  =  ^-h    %  inch. 

H=^  inch,  7  =  J57  4-114  inch. 

H=   1  inch,  7  =  ^  +  11^  inch. 

Proportions  for  Tools  used  in  Becessing  Holes  of  SmaJl 
Diameter  (for  Notation  see  Fig.  10) 

A  =  diameter  of  hole  before  recessing,  or  diameter  of  drill, 

B  =  depth  of  recess, 

C  =  diameter  of  cutting  portion  of  recessing  tool  =  A  —  from  0.010 

to  0.020  inch. 
Z)  =  diameter   of  eccentric   body   of   tool  =  C — (B -f  from   0.010   to 
0.020  inch), 
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^  =  distance  from  face  of  work  to  extreme  depth  of  recessed  hole, 

F  =  length  of  body  of  tool  =  1.20  JS?, 

G  =  width  of  blade  =  0.20  C, 

If  =  diameter  of  shank  of  tool,  which  is  the  same  as  previously  given 

for  the  tools  shown  in  Figs.  18  and  19. 
/  =  total  length  of  tool,  as  follows: 

When  H  is  %  inch,  /  =  F+    %  inch. 
H  is  %  inch,  /  =  F-}-  IV4  inch. 
H  is    1  inch,  /  =  F  +  1%  inch. 
It  will  be  noted  that  the  lengths  of  the  bodies  E  and  F  on  chamfer- 
ing and  recessing  tools,  respectively,  will  be  governed  to  a  consider- 
able extent  by  the  character  of  the  holder  used,  and  the  relative  posi- 
tions of  the  cross-slide  tools  during  the  recessing  operation,  and  also 


Piff.  ai.    B.  A(  8.  Swinff  Tool-holder  and  Rislnff  Block  for  0{>eratlnif  It 

by  the  depth  of  recessed  hole  required.    Usually  the  proportions  given 
will  be  found  satisfactory  for  general  work. 

Recessing  Tool  Holders 

In  Fig.  21  is  shown  a  recessing  tool  holder  which  is  commonly  called 
a  swing  tool.  The  swinging  member  A  of  this  holder  is  held  to  the 
body  B  by  a  stud  and  screw  a.  The  pin  6  held  in  the  swinging  mem- 
ber is  kept  tight  up  against  the  end  of  the  set-screw  c  by  means  of  a 
small  coiled  spring,  not  shown,  which  is  held  in  the  member  B.  The 
set-screw  c  is  also  used  for  bringing  the  tool  concentric  with  the  hole  in 
in  the  work.  The  set-screw  d  holds  the  recessing  tool  in  the  swinging 
holder.  To  operate  this  tool,  the  ordinary  rising  block  which  is  used 
under  the  circular  tool  holder  is  removed,  as  already  mentioned,  and 
the  block  shown  to  the  right  in  the  illustration  is  substituted  in  its 
place.  This  block  is  intended  only  for  straight  work,  the  cam  E  being 
adjusted  longitudinally  in  a  slot  in  plate  C. 

The   rising  block  shown   in   Fig.   22   is  adjustable   for  taper   work. 
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Plate  C  has  a  longitudinal  groove  c  cut  in  it,  in  which  the  adjusting: 
arm  D  can  he  adjusted  in  or  out»  as  desired.  When  the  desired  posi- 
tion is  obtained,  it  is  clamped  by  means  of  the  screws  d.  On  this  ad- 
justable plate  D  is  fastened  a  swinging  plate  which  rotates  on  the 
small  pin  e  and  is  adjusted  by  the  set-screw  /.  When  this  plate  is  set 
in  the  desired  position  it  is  locked  by  means  of  the  screw  g.  This 
rising  block  can  be  used  for  a  variety  of  work,  as  the  setting  and 
shape  of  the  plate  E  will  determine  the  shape  produced  on  the  work. 
When  it  is  essential  to  have  a  hole  in  the  work  concentric  with  the 
external  circumference  of  the  work,  a  block  as  shown  in  Fig.  22  can 
be  used  in  conjunction  with  the  recessing  or  swinging  tool  holder 
shown  in  Fig.  21,  the  operation  of  truing  the  hole  being  similar  to 


Pig.  22.    Standard  Rising  Block  U0«d  for  Operating  Swing  Tools 

boring  a  hole  in  an  ordinary  lathe.  For  this  class  of  work,  of  course, 
it  is  usually  necessary  to  take  only  one  cut,  so  that  complicated  cams 
are  avoided,  but  in  special  cases  the  work  in  hand  will  decide  whether 
it  would  be  advisable  to  take  one  or  more  cuts. 

Returning  to  the  swinging  tool  holder  shown  in  Fig.  21,  the  set-screw 
/  is  used  for  bringing  the  recessing  tool  concentric  with  the  hole  in  . 
the  work.  A  small  clamping  nut  g  is  provided  for  locking  it,  when  in 
the  desired  position.  The  sizes  of  the  hole  h  in  the  holders  for  the 
various  machines  do  not  fit  the  sizes  of  shanks  for  recessing  tools 
recommended  above,  but  are  smaller,  as  follows: 

For  the  No.  00  machine,  ?i  =  3/16  inch, 
No.  0  machine,  7i  =  l/4  inch, 
No.     2  machine,  /i  =  l/2    inch. 

For  large  recessing  tools  the  shank  sizes  required  to  fit  these  hold- 
ers are  rather  too  small. 
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In  Fig.  23  is  shown  another  design  of  recessing  tool  holder  which 
will  sometimes  be  found  very  convenient.  In  the  tool-holder  shown 
the  swinging  member  A  is  held  to  the  body  of  the  tool-holder  B  by 
means  of  the  screw  C,  The  body  of  this  screw,  which  passes  into  the 
holder  B,  is  turned  eccentric  to  that  part  of  the  screw  which '  works 
in  the  swinging  member  A.  A  detail  view  of  this  screw,  used  in  a 
holder  for  a  No.  00  machine,  is  shown  to  the  right  in  the  illustration. 
It  can  be  seen  that  a  slight  adjustment  of  this  screw  will  locate  the 
recessing  tool  concentric  with  the  hole  in  the  work.  This  is  found  to 
be  a  very  practicable  addition  in  some  cases,  especially  when  the  hole 
In  the  work  is  extremely  small,  not  allowing  the  difference  between 
the  external  diameter  of  the  recessing  tool  and  that  of  the  hole  to  be 
very  great.  This  screw  also  provides  for  any  inaccuracy  in  the  mak- 
ing of  the  holder,  as  it  is  usually  found  a  difficult  proposition  to  get 
these  tool-holders  to  line  up  exactly. 


^       I       KraiP.         I   " 
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Flff.  28.    Another  Type  of  Bwlnff  or  Receoaimr  Tool  Holder 

The  construction  of  this  holder  is  somewhat  different  to  that  shown 
In  Fig.  21,  especially  in  the  method  of  holding  A  to  the  member  B^ 
A  shoulder-screw  E  is  tapped  into  part  B  and  is  made  a  loose  fit  in 
the  swinging  part  A,  the  latter  having  an  elongated  hole  to  allow  the 
holder  to  swing.  The  head  of  the  screw  E  allows  the  swinging  part 
of  the  holder  to  slide  easily  underneath  it.  This  holder  has  an  adjust- 
able stop  F,  so  that  once  the  holder  is  set,  it  will  always  come  back 
into  the  exact  position.  The  set-screw  or  stop  F  which  bears  against 
the  body  of  the  screw  E  is  locked  by  means  of  a  nut.  G  is  the  screw 
against  which  the  operating  cam  attached  to  the  rising  block  bears. 
This  screw  has  a  shoulder  against  which  a  small  coiled  spring  acts, 
thus  keeping  the  screw  F  held  in  the  swinging  member  A  up  against 
the  screw  E,  Split  bushings  are  used  for  holding  the  recessing  tools 
in  this  holder.  This  tool  can  be  made  very  accurately  and  is  used  for 
fine  and  delicate  work. 

Performing  Facing*  Operations  with  Swing  Tools 

Swing  tools  are  not  only  used  for  recessing  and  chamfering  oper- 
ations, but  can  also  be  used  for  straight,  taper  and  Irregular  turning 
operations,  and  when  necessary  may  be  used  for  facing.  It  is  some- 
times found  necessary  to  cup  out  a  piece  of  work,  leaving  a  very  thin 
wall.     Now,  if  the  ordinary  facing  tool  were  used  In  the  turret,  the 
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cutting  pressure  would  force  this  thin  wall  back,  and  as  soon  as  re- 
lieved of  the  pressure,  it  would  spring  back  again  to  its  normal  posi* 
tion,  or  nearly  so,  thus  making  it  difficult  to  produce  a  perfectly  square 
face  In  the  work.  For  this  class  of  work  a  swing  tool  as  shown  In 
Fig.  24  is  found  advisable.  When  in  operation,  the  facing  tool  C  shown 
in  the  holder  is  brought  up  until  the  cutting  edge  is  in  line  with  the 
face  of  the  work.  When  it  is  in  this  position  it  is  fed  a  slight  amount 
into  the  work,  equal  to  the  depth  of  the  cut  to  be  taken.  Then  the 
cross-slide  advances,  forcing  the  tool  forward,  thus  turning  the  face 
in  a  manner  similar  to  that  of  an  ordinary  facing  operation  in  the 
lathe.  If  one  cut  is  not  sufficient  to  true  up  the  face,  of  course  a  sec- 
ond cut  can  be  easily  taken.  This  method  of  turning  will  be  found 
satisfactory  when  all  others  fail.    This  swing  tool  is  constructed  some- 


FiiT.  24.    Swlnff  Tool  used  tor  Facing  Operations 

what  similarly  to  those  previously  described,  with  a  slight  modifica- 
tion to  suit  the  requirements.  The  turning  tool  C  Is  made  from  a 
square  section  of  either  carbon  or  high-speed  steel  and  is  adjusted  by 
means  of  the  two  set-screws  A.  The  turning  tool  rests  on  the  small 
pin  B  which  acts  as  a  fulcrum.  By  means  of  this  pin  and  the  two 
set-screws  the  tool  can  be  set  to  the  correct  height. 

When  making  a  cup-shaped  piece  of  work  similar  to  that  shown  in 
Fig.  25,  usually  the  best  procedure  to  follow  is  to  first  drill,  rough 
counterbore  and  form  all  at  the  same  time.  A  rough  counterbore  can 
be  used  similar  to  that  shown  at  B,  Fig.  14.  Following  the  counter- 
boring  operation,  a  swing  tool  similar  to  that  shown  in  Fig.  24  is  used 
to  square  up  the  inside  face  which  has  become  slightly  concave,  due 
to  the  fact  that  the  heat  generated  between  the  side  of  the  form  tool 
and  the  work  causes  the  work  to  spring  away  from  the  tool. 

If  It  is  necessary  to  have  the  back  face  of  the  piece  square  as  well 
as  the  inside  face,  a  revolving  support  can  be  used  in  the  turret,  fol- 
lowing the  rough  counterboring  operation  or  the  first  facing  operation, 
as  the  case  may  be;  preferably  it  should  follow  the  facing  operation. 
This  support  Is  used  in  conjunction  with  a  shaving  tool  carried  on 
either  cross-slide,  as  may  be  necessary,  and  is  brought  up  against  the 
inside  face  of  the  work.    The  shaving  tool  is  then  fed  across  the  back 
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Fiff.  26.  Diagram  giving  Notation  used 
in  the  Derivation  of  Feeds  for  Facing- 
Operations 


face  of  the  work,  taking  a  light  shaving  cut.  If  necessary  it  can  also 
take  a  light  cut  off  the  shank,  if  it  is  desired  to  get  the  diameter  closer 
than  within  limits  of  0.0015  inch.  Care  should  he  taken  to  have  the 
spindle  adjusted  so  that  there  is  no  end  play,  and  to  have  the  dwell 
on  the  cam  uniform,  because  if  the  lobe  for  the  revolving  support  is 
not  uniform  but  has  slight  rises  on  it,  it  will  produce  an  uneven  finish 
on  the  back  face  of  the  work,  thus  defeating  the  object  of  the  shaving 
operation. 

When  the  wall  is  very  thin,  that  Is  when  the  distance  B  equals  about 
ten  times  the  dimension  A,  two  facing  cuts  should  be  taken.      It  is 

preferable,  when  performing  facing 
operations  of  this  character,  to  op- 
erate the  swing  tool  from  the  front 
cross-slide  and  start  the  cut  from 
the  center  of  the  work  out  to  the 
full  diameter.  Operating  the  swing 
tool  from  the  front  cross-slide  per- 
mits the  tool  to  be  turned  upside 
down  (when  the  spindle  is  running 
forward),  thus  allowing  the  chips 
to  be  removed  easily.  However, 
when  high  periphery  velocities  are 
used  on  steel,  it  is  generally  prac- 
ticable to  have  the  swing  tool  oper- 
ated from  the  rear  cross-slide,  or  else  run  the  spindle  backward,  so 
that  a  good  supply  of  oil  can  reach  the  cutting  edge  of  the  tool. 

Feeds  for  Facing  Operations  - 

The  feeds  and  depths  of  chip  for  facing  operations  are  given  in 
Table  VI.    The  values  of  C  in  the  first  column  equal  B  divided  by  A 
(see  Fig.  25).    For  example,  assume  that  B  =  0.25  inch.    Then  when 
0.250 

A  =  0.025  inch,  (7  = =  10,  or,  in  other  words,  B  =  10  times  A. 

0.0250 

It  will  be  noted  that  the  feeds  given  are  approximately  the  same  for 
brass  rod  and  machine  steel;  this  has  been  found  satisfactory.  When 
the  distance  B  is  greater  than  12  times  A,  the  form  tool,  or  other 
means  of  supporting  the  thin  wall  against  the  pressure  of  the  cut 
should  be  provided.  Where  the  form  tool  is  used  for  this  purpose  It 
should  be  made  perfectly  straight,  that  is,  without  side  clearance,  and 
it  should  be  ground  and  lapped.  In  this  operation  the  form  tool  is 
dropped  back  from  the  shank  E  of  the  work  to  a  distance  about  0.010 
inch  and  allowed  to  dwell  in  this  position  until  the  facing  operation 
is  completed.  A  copious  supply  of  good  lard  oil  should  be  supplied  to 
the  tools.  The  feeds  under  these  conditions  can  sometimes  exceed 
those  given  in  Table  VI. 

Rise  on  Cross- slide  Cam  for  Recessing  and  Chamfering 

When  using  the  recessing  holders  previously  described  it  is  obvious 
that  the  rise  on  the  cam  will  be  greater  than  the  distance  which  the 
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tool  is  fed  into  the  work.  To  Illustrate  the  method  of  finding  the  rise 
on  the  cam,  refer  to  Fig.  26,  where 

A  =  distance  from  center  of  fulcrum  to  center  of  the  recessing  tool, 

B  =  distance  from  center  of  fulcrum  to  point  of  application  of  cam 
or  center  of  screw  /  (see  Fig.  21), 

C  =  diameter  of  recessing  tool, 

D  =  diameter  of  drilled  hole  in  the  work, 

^=:  diameter  of  recessed  hole. 


rUDB  FOR  FAOIMO  TOOLS  MADS  FB01£  HIOH-SPSSD 
AND  CARBON  8TBBL 

0.0(a-liich  Chip                                                 1 

VahMofC 

BmMRod. 

FMdp«r 

RevolatloB 

H^JySt^ 

ToolSt^ 
PMdp«r 
Itorolotkm 

12.0 

lUO 

10.0 

0.0 

8.0 

0.0008 
0.0010 
0.0020 
0.0080 
0.0040 

0.0007 
0.0008 
0.0016 
0.0026 
0.0080 

0.000ft 
0.0007 
O.OOIO 
0.0016 
0.0020 

0.0064iieh  Chip                                                  1 

7.0 
6.6 
6.0 
6.6 
6.0 

<><>^9^ 

0.0080 
0.0088 
0.0040 
0.0046 
0.0060 

<><><>^^ 

0.01fr-inoh  Chip                                               1 

4.5 
4.0 
8.6 
8.0 

0.0048 
0.0060 
O.0066 
0.0060 

0.0080 
0.0084 
0.0087 
0.0040 

0.0080 
0.0084 
0.0087 
0.0040 

r  =  travel  of  recessing  tool=:- 


E^C 


i2  =  rise  on  the  cam. 

Then  R  :  r  .  \  B  :  A.    To  illustrate  this  more  clearly  we  will  take  a 
practical  example.    Let  r  equal  0.040  inch;  B,  2%  inches;  A,  1%  inch; 
0.040  X  2% 

then  i2  = =  0.080  inch. 

1% 

Care  should  he  taken  to  set  the  recessing  tool  exactly  in  the  center 
of  the  hole,  so  that  it  will  not  strike  the  side  when  heing  forced  into 
or  backed  out  of  the  work.  If  care  is  not  taken  in  this  respect,  the 
appearance  of  the  work  turned  out  will  not  be  creditable,  and  the  tool 
may  be  broken. 
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Cain  Lever  Templets  for  Laylnir  out  Cams 
In  Fig.  27  are  shown  the  cam  lever  templets  for  the  Nos.  00,  0,  1 
and  2  Brown  ft  Sharpe  automatic  screw  machines.  These  templets  are 
used  for  laying  out  cams  when  it  is  necessary  to  have  the  starting  or 
finishing  points  of  the  lobes  on  the  cross-slide  and  lead  cams  in  a  cer< 
tain  definite  relation  to  each  other. 


Piff.  26. 


Diagram  for  finding  Rise  on  Oroos-slide  Oam  for  Becaaslnff 
and  Obamferinff  OperatioxiB 


These  templets  are  used  as  follows:  The  center  A  is  pivoted  at  the 
center  of  the  cam  drawing  by  a  pin  or  other  pointed  instrument  which 
is  inserted  in  the  center  hole  provided  in  the  lever.  The  main  body 
of  the  templet  B  can  then  be  rotated  in  any  desired  position  so  that 


fiEHTER  OF  FuLCnUM 
CAM  luEVEH  - 


GAM  LiVEfl  TEMpUBtft    \  / 


CAHI  LEVUt  TEMPLETA 
F13R  P*a  0.0*  A*.  A«T&  ft,  M. 


CAM  Lfven  TOtPLETSi 


Flff.  S7.  Noa.  OO,  O,  1  and  2,  B.  *  8.  Automatlo  Screw  ICachlne  Oam  Lever 
Templets  tor  findiiur  the  Startincr  ^^oA  Pinlshlnff  Points  of  the  Lobea  for  the 
Oroae-ellde  and  Lead  Oama 

the  rolls  of  the  cam  levers  can  be  set  in  their  respective  relations  to 
each  other.  In  this  way  the  starting  or  finishing  points  of  the  lead 
and  cross-slide  cam  lobes  can  very  easily  be  obtained,  as  will  be  fur- 
ther explained  in  the  following. 

These  cam  lever  templets  are  made  from  sheet  celluloid,  thus  mak- 
ing them  transparent  so  that  any  marks  placed  on  the  drawing  can 
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easily  be  detected,  such  as  the  location  of  the  roll,  whether  on  the  top 
of  the  lobe,  on  the  rise  of  the  lobe,  or  on  the  drop  of  it.  The  templets 
are  manufactured  by  the  Brown  &  Sharpe  Mfg.  Co.,  Providence,  R.  I. 

Methods  of  Laylngr  out  Cams  for  Chamferingr 

In  Fig.  28  is  shown  a  method  for  finding  the  starting  and  finishing 
points  on  the  lobes  of  the  cross-slide  and  lead  cams  for  chamfering 
These  points  can  very  easily  be  obtained  by  means  of  the  cam  lever 
templets  shown  in  Pig.  27.  As  was  previously  explained  in  regard  to 
these  templets  the  center  A  (see  Fig.  27)  Is  pivoted  at  the  center  of 
the  cam. 

There  are  two  methods  used  In  laying  out  a  set  of  cams  when  It  is 
necessary  to  obtain  clearances  or  definite  starting  points  for  the  lead 
and  cross-slide  lobes.  The  first  one  is  to  obtain  a  rough  estimate  of 
the  total  number  of  revolutions  required  to  complete  one  piece,  after 
which  the  revolutions  are  transferred  into  hundredths  of  cam  circum- 
ference, and  the  location  of  the  lobes  laid  out  on  the  cam  circles.  Then 
the  rises  and  drops  are  constructed  and  the  amount  of  clearance  ob- 
tained by  the  cam  lever  templets.  This  method  usually  requires  con- 
siderable experience  in  this  line  of  work. 

Another  method,  and  one  which  the  writer  considers  superior  to  that 
given,  is  to  first  find  the  rise  on  the  cross-slide  cam  for  chamfering 
(see  Fig.  26).  Then  draw  a  diagram  as  shown  in  Fig.  28.  First  draw 
circles  L  and  S,  representing  the  largest  diameter  of  the  lead  cam  and 
the  largest  diameter  of  the  cross-slide  cam,  respectively.  Then  draw 
another  circle  H  a  distance  R  inside  of  the  circle  fif,  as  shown,  the 
dimension  R  being  the  rise  on  the  cross-slide  cam.  It  is  obvolus  that 
in  chamfering  operations  the  tool  should  have  been  moved  longi- 
tudinally the  proper  distance  into  the  work  before  the  cross-slide  cam 
starts  to  operate  upon  it.  Therefore,  the  lead-cam  roll  should  be  on 
the  highest  point  of  the  lobe  before  the  cam  on  the  cross-slide,  used 
for  feeding  in  the  tool,  touches  the  tool  holder.  In  order  to  accom- 
plish this  result,  proceed  as  follows.      Draw  a  circle  G,  as  shown  In 

1 

Fig.  28,  which  has  a  radius  an  amount  R  -\-  D  -\ smaller  than  that 

16 
of  circle  8.    The  value  of  D  is  shown  in  Fig.  17;  the  1/16  inch  added 
to  D  allows  for  clearance.     After  these  circles  have  been  drawn,  we 
can  find  the  starting  and  finishing  points  of  the  lobes. 

The  cam  lever  templet  is  now  brought  into  position,  and  the  lead 
cam  roll  placed  so  that  Its  circumference  touches  the  lobe  on  the  lead 
cam  and  its  center  coincides  with  the  line  A  indicating  the  completion 
of  the  lead-cam  rise.  Then  the  cross-slide  lever  is  swung  down  so  that 
the  circumference  of  the  roll  touches  the  circle  G  as  shown,  and  with 
a  sharp  pencil  a  line  is  scribed  around  the  circumference  of  the  roll, 
which  will  determine  the  quick  rise  of  the  cam.  The  compasses  are 
then  set  to  the  desired  radius  for  the  quick  rise  of  the  cam  which  is 
described  so  that  it  will  cut  the  circle  H,  representing  the  start  of  the 
rise  on  the  cross-slide  cam,  and  also  be  tangent  to  the  line  which  has 
been  previously  marked  by  scribing  around  the  cross-slide  lever  roll. 
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Where  the  quick  rise  of  the  cam  and  the  circle  H  meet,  will  be  the 
starting  point  of  the  rise  on  the  cross-slide  cam,  indicated  by  the  line 
B  as  shown. 

When  we  have  found  the  starting  points,  the  next  thing  is  to  obtain 
the  ending  or  "finish"  points  of  the  lobe.  It  is  obvious  that  the  lead 
cam  should  hold  the  tool  in  position  until  the  cross-slide  cam  has 
dropped  back  an  amount  equal  to  the  distance  which  it  has  forced  the 
tool  into  the  work.  A  line  F  is  taken  at  any  convenient  position  for 
the  "finish"  of  the  lead  cam,  and  the  cam  lever  templet  is  then  brought 
Into  position  so  that  the  roll  of  the  lead  lever  .touches  the  circle  and 
the  center  coincides  with  the  line  F  as  shown.  The  cross-slide  roll  is 
then  swung  down  until  its  circumference  touches  the  circle  H  and  a 
line  is  scribed  around  the  circumference  of  the  roll.    Where  this  line 


Fi|r>  38.    Dlaflrram  for  flndinir  the  Starting  and  Finlahinv  Points  of  the  L>obee 
of  the  Oroaa-sllde  and  Lead  Cams  for  Ohamferlnff  Operations 

intersects  the  circle  representing  the  largest  diameter  of  the  cam,  will 
be  the  finishing  point  of  the  lobe,  provided  the  distance  R  is  not 
greater  than  the  radius  of  the  roll.  If  distance  R  is  greater  than  this, 
the  line  representing  the  drop  should  be  constructed  tangent  to  the 
roll  circumference,  and  where  the  line  representing  the  drop  intersects 
the  outside  circle  will  be  the  finishing  point  of  the  lobe,  as  indicated 
by  line  C.  The  space  from  j&  to  C7  represents  from  one  to  two  revolu- 
tions for  dwell  on  the  cross-slide  cam. 

Now  it  can  be  clearly  seen  that  the  advantage  of  this  method  is  that 
the  amount  of  clearance  between  the  starting  and  finishing  points  of 
the  lead  and  cross-slide  cams  is  known  in  hundredths  of  the  cam  cir- 
cle circumference  before  the  cams  themselves  are  laid  out,  thus 
facilitating  the  operation  of  laying  out  the  cams. 

Methods  of  Layingr  out  Cam8  for  Bebessing' 

In  Fig.  29  a  method  is  shown  for  finding  the  starting  and  finishing 
points  on  the  lobes  of  the  cross-slide  and  lead  cams  for  recessing.  To 
determine  these  points  the  cam  lever  templets  are  again  brought  into 
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operation.  The  starting  point,  determined  by  line  A,  and  the  circle 
representing  the  dwell  on  the  lead  cam  are  first  laid  out.  A  circle  is 
then  drawn,  the  radius  of  which  is  a  distance  K  (see  Figs.  18  and  19) 
greater  than  the  circle  representing  the  dwell  on  the  lead  cam.  Before 
this  is  done,  of  course,  a  maximum  diameter  of  cam  should  be  decided 
upon,  which  will  suit  the  length  of  the  tool-holder  used  in  the  turret. 
A  circle  passing  through  the  starting  point  of  the  rise  of  the  cross- 
slide  cam,  as  well  as  a  circle  representing  the  dwell  on  the  cross-slide 
cam  should  also  be  drawn,  the  difference  in  radii  between  these  two 
circles  being  the  rise  R.  Now  the  cam  lever  templets  are  placed  in 
position  on  the  drawing,  and  the  lead  roll  brought  down  so  that  it 
touches  the  lead  cam,  Its  center  coinciding  with  line  A.    A  circle  M  is 

1 
next  drawn,  having  a  radius  L  -\ inch  less  than  that  of  the  circle 

16 


.u€VtR 


CENTER  OF  FULCRUM  OF  LEAD  LEVER 


Flir*  80.    Diaffram  for  finding  the  8t«rMxiff  and  Flnlnhtng  Points  on  the  Lobes 
of  the  Orofls-Blide  and  Lead  Oamis  for  Rw leaning  Olperationa 

passing  through  the  starting  point  of  the  rise  of  the  cross-slide  cam. 
(See  Fig.  18  for  dimension  L).  The  cross-slide  roll  Is  then  swung  down 
until  Its  circumference  touches  the  circle  M,  as  shown,  anc^  a  line  Is 
drawn  around  the  circumference  of  the  roll.  The  quick  rise  line  of 
the  cam  Is  then  constructed  tangent  to  the  roll,  and  where  this  line 
Intersects  the  circle  previously  drawn  and  which  determines  the  begin- 
ning of  the  slow  feedlng-ln  rise  of  the  cross-slide  cam.  Is  the  starting 
point  of  the  slower  rise  of  the  cross-slide  cam,  as  shown  at  B.  The 
line  C7,  which  represents  the  finishing  point  of  the  rise  on  the  cross- 
slide  cam  for  feeding  the  tool  in  to  take  the  desired  chip.  Is  then  laid 
off  and  the  cross-slide  roll  swung  into  position.  The  lead  roll  Is  then 
swung  down  until  It  touches  the  circle  representing  the  dwell  on  the 
lead  cam.  The  starting  point  of  the  rise  on  the  lead  cam,  located  on 
line  D,  Is  slightly  In  advance  of  the  finishing  point  on  the  cross-slide 
cam. 

The  finishing  points  of  the  lobes  are  the  next  things  that  require 
attention.    Any  line,  as  G,  is  taken  at  a  convenient  location,  and  the 
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cam  lever  templets  are  then  brought  into  operation.  The  lead  roll  \b 
first  brought  into  position  as  shown,  and  then  the  cross-slide  roll  is 
swung  down  from  the  outside  diameter  of  the  cam  a  distance  equal  to 
R,  and  the  drop  laid  off  as  before  mentioned  in  regard  to  chamfering 
operations.  The  finishing  point  of  the  cross-slide  lobe  would  then  be 
on  the  line  E.  The  space  from  C  to  £7  on  the  cross-slide  cam  would  be 
for  dwell,  while  the  space  from  D  to  G  on  the  lead  cam  would  be  the 
rise.  The  space  from  F  to  G  is  for  dwell  on  the  lead  cam,  which 
represents  about  one  or  two  revolutions. 

Speeds  for  Chamferinfir  and  Recessing'  Tools 

The  surface  speeds  used  for  recessing  tools  can  be  slightly  greater 
than  those  used  for  counterbores  on  account  of  the  light  feeds  and 


TABLB  Vn.    FBBD8  FOR  OHAMPBBIMO  TOOLS  MADB  FROM  RZOH- 

8PBBD  ANI>  OABBON  STSBLB 

Diameter  of 

BraaaRod. 

ICaehine  Steel. 

Tota  Steel. 

Chamfering  Tool 

Feed 

Peed.  * 

Peed 

in  Inchea 

per  Revolution 

per  Revolutioii 

per  BevolutioD 

i 

0.0010 

0.0008 

0.0005 

0.0015 

O.OOIO 

0.0008 

Y 

0.0018 

0.0015 

0.0010 

A 

0.0030 

0.00^ 

0.0012 

I 

0.0080 

0.0022 

O.0015 

0.0040 

0.0025 

0.0018 

A 

0.0048 

0.0080 

0.0020 

0.0055 

0.0085 

0.0021 

i 

0  0060 

0.0088 

0.0022 

u 

o.cma 

0.0040 

0.0024 

i 

U.0070 

0.0045 

0.0026 

\i 

0.(H)75 

0.0048 

0.0028 

i 

0.0080 

0.0050 

0.0080 

small  amount  of  cutting  surface  in  contact  with  the  work.  As  a  rule; 
the  following  surface  speeds  can  be  used  on  the  materials  specified  with 
satisfactory  results: 


8PBBD8  FOR  RBOBSBINa  TOOL.8  MADB  FROM  CARBON  8TBBL 

Surface  Speed  in  Feet 
Material  per  Minute 

Brass   (ordinary  quality) 170-180 

Gun-screw  iron 60-70 

Norway  iron  and  machine  steel 45-55 

Drill  rod  and  tool  steel 35-40 

8PBBDB  FOR  RBOBSBINa  TOOLS  MADB  FROM  HIOH.SPBBD  STBBIj 

Surface  Speed  in  Feet 
Materia]  per  Minute 

Brass   (ordinary  quality) 200-225 

Gun-screw  iron  90-100 

Norway  iron  or  machine  steel 75-85 

Drill  rod  and  tool  steel 50-60 
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to  19,  it  would  be  advisable  in  most  cases  to  use  a  slightly  decreased 
feed.  No  definite  rule,  however,  can  be  given  for  this,  as  the  conditions 
vary  so  much.  Therefore,  the  feed  to  be  used  will  practically  be  a  mat- 
ter of  Judgment  and  can  be  found  in  no  other  way  than  by  experience. 

Feeds  for  Beoeesingr 

In  Table  VIII  are  given  the  feeds  to  be  used  when  a  chip  from  0.010 
to  1/16  inch  thick  is  being  removed.  The  same  feeds  as  given  in 
Table  VII  are  used  for  feeding  the  recessing  tool  into  the  depth  of 
chip  required,  while  the  feeds  given  in  Table  VIII  are  used  for  feed- 
ing the  tool  longitudinally.  The  same  conditions  as  previously  men- 
tioned in  connection  with  chamfering  tools  should  be  taken  into  con- 
sideration here  also.  For  general  conditions  and  for  recessing  tools 
made  to  proportions  given  in  Figs.  17  to  19  the  feeds  in  Table  VIII 
will  be  found  satisfactory.  In  steel  work,  especially,  it  is  usually 
found  advisable  to  decrease  the  feed  as  the  tool  approaches  the  end  of 
its  cut,  when  a  chip  varying  from  1/32  to  1/16  inch  thick  is  taken. 
This  rule  is  also  followed  when  a  finishing  cut  is  taken  with  a  box- 
tool  up  to  a  shoulder. 
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OUTUNB   OP  A   COURSE   IN  SHOP  AND   DRAPnNG-ROOM 
MATHEMATICS,  MECHANICS,  MACHINE  DESIGN 
AND  SHOP  PRACTICE 

Any  intelligent  man  engaged  in  nxechanical  work  can  acquire  a  well-rounded 
mechanical  education  by  using  as  a  guide  in  his  studies  the  outline  of  the 
course  in  mechanical  subjects  given  below.  The  course  is  laid  out  so  as  to 
make  it  possible  for  a  man  of  little  or  no  education  to  go  ahead,  beginning 
wherever  he  finds  that  his  needs  begin.  The  course  is  made  up  of  units  so  that 
it  may  be  followed  either  from  beginning  to  end;  or  the  reader  may  choose 
any  specific  subject  which  may  be  of  especial  importance  to  him. 


Preliminary  Course  in  Arithmetic 
J m  Sheets  1A  to  5A: — Whole  Num- 
bers:     Addition,    Subtraction,     Multi- 
plication, Division,  and  Factoring. 

Jig  Sheets  6 A  to  15 A: — Common 
Fractions  and  Decimal  Fractions. 

Shop  Calculations 

Reference  Series  No.  18.  Shop 
Arithmetic  foe  the  Machinist. 

Reference  Series  No.  52.  Advanced 
Shop  Arithmetic  for  the  Machinist. 

Reference  Series  No.  53.  Use  of 
Logarithmic  Tables. 

Reference  Series  Nos.  54  and  55. 
Solution  of  Triangles. 

Data  Sheet  Series  No.  16.  Mathe- 
matical Tables.  A  book  for  general 
reference. 

Draftlng'-room  Practice 
Reference   Series  No.   2.     Deaftinq- 

ROOM  Practice. 
Reference    Series    No.   8.     Working 

Drawings  and  Drafting-room  Kinks. 
Reference   Series  No.   33.     Systems 

and   Practice  of  the  Drafting-room. 

General  Shop  Practice 

Reference  Series  No.  10.  Examples 
of  Machine  Shop  Practice. 

Reference  Series  No.  7.  Lathe  and 
Planer  Tools. 

Reference  Series  No.  25.  Deep  Hole 
Drilling. 

Reference  Series  No.  38.  Grinding 
and  Grinding  Machines. 

Reference  Series  No.  48.  Files  and 
Filing. 

Reference  Series  No.  32.  Screw 
Thread  Cutting. 

Data  Sheet  Series  No.  1.  Screw 
Threads.  Tables  relating  to  all  the 
standard   systems. 

Data  Sheet  Series  No.  2.  Screws, 
Bolts  and  Nlts.    Tables  of  standards. 

Data  Sheet  Series  Nos.  10  and  11. 
Machine  Tool  Operation.  Tables  re- 
lating to  the  operation  of  lathes,  screw 
machines,   milling  machines,   etc. 

Reference   Series   Nos.    50    and   51. 


Principles    and   Practice   of    Assem- 
BLiNO  Machine  Tools. 

Reference    Series    No.     57.      Mettal 
Spinning. 

JlffS  and  Fixtures 

Reference  Series  Nos.  41,  42  and  43. 
Jigs  and  Fixtures. 

Reference  Series  No.  3.     Drill  Jigs. 

Reference  Series  No.  4.  Muxir^o 
Fixtubes. 

Punch  and  Die  Work 

Reference  Series  No.  6.  Punch  axd 
Die  Work. 

Reference  Series  No.  13.  Blanking 
Dies. 

Reference  Series  No.  26.  Modern 
Punch  and  Die  Construction. 

Tool  Making: 

Reference  Series  No  64.  Gage 
Making  and  Lapping. 

Reference  Series  No.  21.  Measur- 
ing Tools. 

Reference  Series  No.  31.  Screw 
Thread  Tools  and  Gages. 

Data  Sheet  Series  No.  3.  Taps  and 
Threading  Dies. 

Data  Sheet  Series  No.  4.  Reamers, 
Sockets,  Drills,  and  Milling  Cutters. 

Hardening  and  Tempering 
Reference   Series  No.   46.     Harden- 
ing AND  Tempering. 

Reference  Series  No.  63.  Heat 
Treatment  of  Steel. 

Blacksmith  Shop  Practice 
and  Drop  Forging 

Reference  Series  No.  44.  Machine 
Blacksmithing. 

Reference  Series  No.  61.  Black- 
smith Shop  Practice. 

Reference  Series  No.  45.  Drop*  Forg- 
ing. 

Automobile  Construction 

Reference  Series  No.  59.  Machines, 
Tools  and  Methods  of  Automobile 
Manufacture. 

Reference  Series  No.  60.  Construc- 
tion AND  Manufacture  of  Automo- 
biles. 
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Theoretical  Mechanics 
Reference  Series  No.  5.    First  Prin- 
ciples OF  Theoretical  Mechanics. 

Reference  Series  No.  19.  Use  of 
Formulas  in  Mechanics. 

Oearlng 

Reference  Series  No.  15.  Spur 
Gearing. 

Reference  Series  No.  37.  Bevel 
Gearing. 

Reference  Series  No.  1.  Worm 
Gearing. 

Reference  Series  No.  20.  Spiral 
Gearing. 

Data  Sheet  Series  No.  5.  Spur 
Gearing.  General  reference  book  con- 
taining tables  and  formulas. 

Data  Sheet  Series  No.  6.  Bevel, 
Spiral  and  Worm  Gearing.  Creneral 
reference  book  containing  tables  and 
formulas. 

General  Machine  Deelgrn 

Reference  Series  No.  9.  Designing 
AND  Cutting  Cams. 

Reference  Series  No.  11.    Bearings. 

Reference  Series  No.  56.  Ball 
Bearings. 

Reference  Series  No.  58.  Helical 
AND  Elliptic  Springs. 

Reference  Series  No.  17.  Strength 
OF  Cylinders. 

Reference  Series  No.  22.  Calcula- 
tions OF  Elements  of  Machine  De- 
sign. 

Reference  Series  No.  24.  Examples 
OF  Calculating  Designs. 

Reference  Series  No.  40.  Fly- 
wheels. 

Data  Sheet  Series  No.  7.  Shafting, 
Keys  and  Keyways. 

Data  Sheet  Series  No.  8.  Bearings, 
Couplings,  Clutches,  Crane  Chain 
and  Hooks. 

Data  Sheet  Series  No.  9.  Springs, 
Slides  and  Machine  Details. 

Data  Sheet  Series  No.  19.  Belt, 
Rope  and  Chain  Drives. 

Machine  Tool  Deslgrn 
Reference   Series   No.   14.     Details 

OF  Machine  Tool  Design. 
Reference  Series  No.   16.     Machine 

Tool  Drives. 

Crane  Deslgrn 

Reference  Series  No.  23.  Theory  of 
Crane  Design. 

Reference  Series  No.  47.  Design 
OF  Electric  OX'erhead  Cranes. 

Refeience  Series  No.  49.  Girders 
FOR  Electric  Overhead  Cranes. 


Steam  and  Qas  Bnfirine  Deslgu 

Reference  Series  Nos.  67  to  72,  in* 
elusive.  Steam  Boilers,  Engines, 
Turbines  and  Accessories. 

Data  Sheet  Series  No.  15.  Heat, 
Steam.  Steam  and  Gas  Engines. 

Data  Sheet  Series  No.  13.  Boilers 
and  Chimneys. 

Reference  Series  No.  65.  Formulas 
and  Constants  for  Gas  Engine  De- 
sign. 

Special  Course  In  Locomotive  Design 

Reference  Series  No.  27.  Boilers, 
Cylinders,  Throttle  Valve,  Piston 
AND  Piston  Rod. 

Reference  Series  No.  28.  Theory 
and  Design  of  Stephenson  and  Wal- 
schaerts  Valve  Motion. 

Reference  Series  No.  29.  Smoke- 
box,  Frames  and  Driving  Machinery. 

Reference  Series  No.  30.  Springs, 
Trucks,  Cab  and  Tendeb. 

Data  Sheet  Series  No.  14.  Locomo- 
tive and  Railway  Data. 

DjmamoB  and  Motors 
Reference  Series  No.  34.    Care  and 

Repair  of  Dynamos  and  Motors. 
Data  Sheet  Series  No.  20.     Wiring 

Diagrams,  Heating  and  Ventilation, 

and  Miscellaneous  Tables. 
Reference  Series  Nos.  73  to  78,    in< 

elusive.    Principles  and  Applications 

OP  ElectrIcfty. 

Heatlncr  and  Ventilation 
Reference    Series    No.    39.      Fans, 

Ventilation  and  Heating. 
Reference   Series  No.   66.     Heating 

AND  Ventilating  Shops  and  Offices. 
Data  Sheet-  Series  No.  20.     Wiring 

Diagrams,  Heating  and  Ventilation, 

AND  Miscellaneous  Tables. 

Iron  and  Steel 

Reference  Series  No.  36.  Iron  and 
Steel. 

Reference  Series  No.  62.  Testing 
the  Hardness  and  Durability  of 
Metals. 

(General  Befbrence  Books 

Reference  Series  No.  35.  Tables 
AND  Formulas  for  Shop  and  Draft- 
ing-room. 

Data  Sheet  Series  No.  12.  Pipe  and 
Pipe  Fittings. 

Data  Sheet  Series  No.  17.  Mechan- 
ics AND  Strength  of  Materials. 

Data  Sheet  Series  No.  18.  Beam 
Formulas  and  Structural  Design. 

Data  Sheet  Series  No.  20.  Wiring 
Diagrams,  Heating  and  Ventilation 
AND  Miscellaneous  Tables. 
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MACHINERY  is  the 
leading  journal  in 
the  machine-build- 
ing field  and  meets  the 
requirements  of  the  me- 
chanical engineer,  super- 
intendent, designer,  tool- 
maker  and  machinist,  as 
no  other  journal   does. 
Machinery  is  a  monthly 
and  deals  with  machine 
design,  tool  design,  ma- 
chine construction,  shop 
practice,    shop  systems 
and  shop   management. 
The  reading  matter   in 
Machinery  is  written  by 
practical  men  and  edited 
by   mechanical  men    of 
long  practical  training. 
The  twelve  numbers    a 
year  contain  a  thousand 
pages  of  carefully  selected  and  edited  mechanical  information. 

Each  number  of  Machinery  contains  a  variety  of  articles  on 
machine  shop  practice.  These  articles  include  carefully  prepared 
descriptions  of  manufacturing  methods  and  current  mechanical 
developments.  Shop  systems  and  shop  management  are  ably 
handled  by  the  foremost  writers.  Every  number  contains  the 
most  extensive  and  complete  monthly  record  published  by  any 
journal,  or  in  any  form,  of  new  machinery  and  tools  and  acces- 
sories for  the  machine  shop.  A  special  department  is  devoted 
to  "Letters  on  Practical  Subjects,"  to  which  practical  mechanics 
contribute  their  experiences.  There  is  a  department  of  Shop 
Kinks— brief,  concise  little  contributions  which  contain  ideas  of 
value  to  the  man  in  the  shop  or  at  the  drafting  table. 

The  mechanical  engineer,  machine  designer  and  draftsman  are 
also  well  provided  for  in  Machinery.  Every  number  contains 
articles  on  the  theory  and  practice  of  machine  design,  on  the 
properties  of  materials,  and  on  labor-saving  methods  and  systems. 
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Automatic  Screw  Machine  Practice  for  the  Brown  ft  Sharpe  auto- 
matic screw  machines  is  covered  in  eight  Reference  Books,  Nos.  99  to 
106,  inclusive.  Reference  Book  No.  99,  "Operation  of  the  Brown  ft 
Sharpe  Automatic  Screw  Machines,"  deals  with  the  construction  of 
these  machines  and  the  setting-up  of  the  tools.  No.  100,  "Designing  and 
Cutting  Cams  for  Automatic  Screw  Machines,"  gives  detailed  instruction 
on  cam  design,  and  describes  a  simplified  method  for  milling  cams. 
No.  101,  "Circular  Form  and  Cut-off  Tools  for  the  Automatic  Screw 
Machine,"  deals  with  the  general  arrangement  and  the  calculations  of 
these  tools,  and  describes  the  different  methods  employed  in  their 
making..  No.  102,  "External  Cutting  Tools  for  the  Automatic  Screw 
Machine/'  deals  with  the  design^nd  construction  of  box-tools,  taper 
turning  tools,  hollow  mills,  and  shaving  tools.  Xo.  103,  "Internal  Cut- 
ting Tools  for  the  Automatic  Screw  Machine/*  deals  with  centering 
tools,  cross-slide  drilling  attachments,  counterbores,  reamers,  and  re- 
cessing tools.  No.  104,  "Threading  Operations  on  the  Automatic  Screw 
Machine/*  treats  on  cam  design  for  threading  operations,  threading 
dies,  taps  and  tap  drills,  die  and  tap  holders,  and  thread  rolling.  No. 
105,  "Knurling  Operations  on  the  Automatic  Screw  Machine/*  describes 
the  construction  of  knurling  holders,  and  gives  directions  for  the  mak- 
ing of  knurls  and  the  design  of  tools  and  cams  used  in  connection  with 
knurling  operations.  No.  106,  "Milling,  Cross-drilling  and  Burring 
Operations  on  the  Automatic  Screw  Machine,**  describes  screw-slotting 
attachments,  index  drilling  attachments,  and  burring  attachments,  giv- 
ing directions  for  their  use  and  for  the  design  of  cams  for  theoL 
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CHAPTER  I 

ARRANGEMENT  OP  MACHINE  FOR 
THREADING  OPERATIONS 

The  subject  of  threading  on  the  Brown  &  Sharpe  automatic  screw 
machine  is  a  subject  which  confuses  the  beginner  on  account  of  the 
calculations  necessary  for  determining  the  rise  on  the  cam  due  to 
the  relation  between  the  speed  of  the  spindle  and  the  driving  shaft. 
The  various  reversing  devices,  tripping  devices  and  threading  attach- 
ments are  also  of  importance.  Until  the  various  devices  and  arrange- 
ments used  are  fully  understood,  good  results  cannot  be  expected. 

Reversing'  the  Spindle 
On  the  No.  00  Brown  &  Sharpe  automatic  screw  machine  the  spindle 
is  reversed  by  means  of  a  spring  plunger  shown  at  A,  Fig.  1;   this 
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Fiff.  1.    Rear  View  of  No.  GO  Brown  A  Sharpe  Automatic  Screw  Machine 
showing  Reversing  Mechanism 

plunger,  acting  through  the  medium  of  the  friction  clutch  B,  reverses 
the  spindle,  from  forward  to  backward,  instantaneously.  But,  to 
reverse  the  spindle  from  backward  to  forward,  onto  a  slow  speed  (as 
is  sometimes  necessary  when  cutting  a  thread),  requires  one  revolu- 
tion of  the  driving  shaft.  This  shaft  runs  at  120  R.  P.  M.  In  a  given 
case,  the  spindle  speed  equals,  say,  2400  R.  P.  M.;  then  the  revolutions 

2400 
required  for  reversing  the  spindle  equal  =  20  revolutions  of  the 

120 
spindle.     The  20   revolutions   used    for   this  purpose   represents   lost 
time,  and  to  obviate  this,  the  Brown  &  Sharpe  Mfg.  Co.  has  provided 
a  speed  ratio  threading  attachment  which  is  used  In  the  turret.    This 
attachment  will  be  described  later. 
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On  the  No.  0  and  No.  2  Brown  &  Sharpe  automatic  screw  machines. 
the  spindle  is  reversed  instantly  from  forward  to  backward  by  means 
of  cam  A  and  lever  B,  Fig.  2.  The  spindle  is  reversed  from  backward 
to  forward  by  means  of  the  same  cam  A  on  the  driving  shaft.  There 
are  two  lobes  on  this  cam,  and  it,  therefore,  requires  one-half  revolu- 
tion of  the  driving  shaft  to  reverse  the  spindle.  For  example,  let  the 
spindle  speed  equal  1800  revolutions  per  minute;  let  the  speed  of  the 
driving  shaft  equal  180  revolutions  per  minute.     Then  the  number  of 

1800 

revolutions  required  to  reverse  the  spindle^ =  5  revolutions. 

180  X  2 
To  reverse  the  spindle  from  forward  to  backward  and  then  forward 
again   (as  would  be  necessary  where  two  threading  operations  come 


Flff.  2.    Bear  View  of  No.  O  Brown  &  Sharpe  Automatlo  Screw  Machine 
showing  Be  versing  Mechanism  and  Belt  Shifting  Attaohmenc 

in  succession)  requires  4%  hundredths  of  the  cam  surface  on  account 
of  the  tripping  dogs  on  the  drum,  which  cannot  be  placed  any  closer 
together.  This  will  be  referred  to  further  under  the  heading  "Setting 
the  Tripping  Dogs  for  Threading." 

On  the  No.  2  Brown  &  Sharpe  automatic  screw  machine,  the  spindle 
is  reversed  in  the  same  manner  as  on  the  No.  0.  For  example,  let 
the  spindle  speed  equal  1200  revolutions  per  minute;  let  that  of  the 
driving  shaft  equal  120  revolutions  per  minute.  Then  the  number  of 
revolutions  required  to  reverse  the  spindle  from  backward  to  forward 

1200 

= =  5  revolutions;    to   reverse  the  spindle  from  forward  to 

120  X  2 

backward  and  forward  a?aln  (as  we  explained  regarding  the  No.  0 
machine)  requires  3%  hundredths  of  the  cam  surface. 

Setting'  the  Tripping  Dogs  for  Threading 
The  tripping  dogs  a,  Fig.  3,  which  are  used  for  reversing  the  spindle, 
feeding  the  stock,  and  revolving  the  turret  are  placed  on  the  various 
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drums  on  the  front  shaft  as  follows:  The  dog  for  reversing  .the 
spindle  is  placed  on  drum  A,  for  feeding  the  stock,  on  drum  B,  and 
for  revolving  the  turret,  on  drum  C.  These  dogs  operate  the  levers  D, 
Ey  and  F,  respectively,  which,  in  turn,  disengage  a  clutch  on  the  driv- 


ing  shaft  on  the  rear  of  the  machine,  thus  operating  the  reversing, 
feeding  and  revolving  devices.  Where  two  threading  operations  follow 
in  succession,  the  time  required  to  revolve  the  turret  is  not  always 
sufficient   to    bring   the   second   tap   or   die    into    position.     This    is 


—A — 

! 

f 

Uaehinrry.N.Y. 

1 

Piff.  4.    Reversing  Doffs  In  Position  on  Drum 

illustrated  in  Pig.  4,  where  two  tripping  dogs  are  shown  in  position  on 
the  drum.  To  illustrate  the  method  of  determining  whether  extra 
time  should  be  allowed  for  clearance,  take  a  practical  example.  As- 
sume that  a  set  of  cams  is  required  to  be  used  on  the  No.  2  Brown 
&  Sharpe  automatic  screw  machine.  Let  the  spindle  speed  equal 
1200  revolutions  per  minute;   let  the  time  required  to  complete  one 
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piece  equal  20  seconds.     Then  the  number  of  revolutions  to  complete 
1200  X  20 

one    piece  = =  400    revolutions.     Referring   to    the   tables 

60 
for  laying  out  cams  in  Machineby's  Reference  Book  No.  100,  we  find 

TABLB  I.    OBKBRAI.  DIMBNBIONB  OF  DRX7M  AND  RflVBRSINQ  D008 


Na  of  Machine 

A 

B 

.    c 

D 

E 

R 

00 
0 
2 

20'' 
17° 
ir 

if 

i 

■i 
•A  • 

!^ 

i 
i 

a 

that  It  requires  five  hundredths  to  feed  stock,  plus  one  hundredth 
for  clearance.  This  gives  6  hundredths  to  revolve  the  turret.  Re- 
ferring to  the  accompanying  Table  I  we  find  that  the  angle  A  is  14 
degrees.  Then  If  the  number  of  hundredths  of  the  cam  surface  utilized 
in  revolving  the  turret  is  less  than  the  equivalent  of  14  degrees,  we 
would  have  to  add  more  for  clearance.     In  this  case  it  requires  6 

hundredths  to  revolve  the  turret.    Then, 

reducing  14  degrees  to  hundredths,  we 
100  X  14 

have, =  3.88  hundredths.    There- 

360 

fore,  additional  cam  surface  would  not  be 

necessary  in  this  case. 

Setting  the  Machine  for  the  Use 
of  Taps  and  Dies 

Before  the  reversing  mechanism  can 
operate,  the  clutch  G  must  engage  with 
clutch  H.  (See  Fig.  3.)  After  engaging 
these  clutches,  we  set  the  reversing  dog  a 
so  that  the  spindle'  will  reverse  just  as  tne 
roll  passes  over  the  highest  portion  of  the 
thread  lobe  on  the  rear  cam,  as  shown 
Fig.  6.  Position  of  Rou  on  Thread     exaggerated  in  Pig.  5.    When  the  spindle 

Lobe  when  Bplndle  le  reversed  ,  ,  .     x .  ^         .    ^ 

is  reversing  at  the  exact  point  as  men- 
tioned, the  die  or  tap  holder  containing  the  die  or  tap  is  placed  in 
the  turret,  and  brought  into  position  as  shown  in  Fig.  6.  The  cam 
roll  is  set  on  the  thread  lobe  in  the  position  shown.  Here  a 
button  die  hplder  A  (draw-out  type)  is  shown  in  position  ready 
to  start  on  the  work.  The  face  of  the  die  should  be  set  a  distance  a, 
which  varies  from  1/16  to  3/16  inch,  depending  on  the  pitch  of  the 
thread  and  the  length  of  the  threaded  portion,  away  from  the  part 
to  be  threaded.  If  the  die  does  not  travel  onto  the  work  far  enough 
at  the  first  setting,  the  holder  can  be  brought  further  out  of  the  tur- 
ret. The  same  procedure  can  be  followed  in  setting  the  tap.  except 
that  it  should  be  set  more  carefully,  only  going  into  the  work  a  slight 
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distance  in  starting,  and  then  moving  the  holder  out  of  the  turret 
until  the  desired  depth  is  reached.  It  is  sometimes  found  necessary, 
after  setting  the  tripping  dog,  to  adjust  it  slightly,  especially  when 
using  a  draw-out  die  or  tap  holder.  The  turret  should  not  be  revolved 
until  the  die  or  tap  is  clear  of  the  work. 

When  calculating  the  revolutions  of  the  spindle  required  for  thread- 
ing, a  greater  number  of  revolutions  should  be  allowed  than  the  exact 
number  of  threads  required  on  the  piece,  depending  on  the  pitch  of 
the  thread,  and  in  some  cases  on  the  length  of  the  threaded  portion, 
as  when  a  short  thread  has  to  be  produced,  necessitating  the  threading 
of  a  longer  portion  and  then  facing  it  off.  This  is  to  allow  the  die  to 
approach  the  end  of  the  piece  on  the  rise  of  the  thread  lobe.     The 
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Fig-.  6.    Position  of  RoU  on  Thread  Lobe  when  setttnir  Dte  or  Tap 

actual  number  of  revolutions  required  for  threading  can  be  found  by 
the  aid  of  the  following  formulas: 

From  14  to  24  threads  i)er  inch,  R=zLp-\- 1.5 

From  28  to  48  threads  per  inch,  i2  =  Lp  +  3  (1) 

From  56  to  80  threads  per  inch,  12  =  Lp  +  4.5 

where  L=  length  of  the  threaded  portion,  p  =  the  number  of  threads 
per  inch,  and  -R  =  the  revolutions  of  the  spindle  required  for  threading. 
Owing  to  the  inconvenience  of  dividing  the  cam  surface  into  the 
same  number  of  equal  parts  as  the  revolutions  required  to  complete 
one  piece,  the  Brown  &  Sharpe  Mfg.  Co.  has  adopted  the  system  of 
dividing  the  cam  surface  into  one  hundred  equal  parts.  The  numoer 
of  hundredths  of  cam  circumference  required  for  any  operation  is 
obtained  by  dividing  the  number  of  revolutions  for  each  operation  by 
the  total  number  of  revolutions  required  to  complete  one  piece,  taking 
the  nearest  decimal  with  two  places.    For  example,  if  the  number  of 
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revolutions  required  for  the  die  to  advance  on  to  the  work  is  10,  and 
the  total  number  of  revolutions  required  to  complete  one  piece  is  200, 

10 

then  =  0.05.  or  5  hundredths  of  the  cam  surface. 

200 

•  Oonstructinff  the  Thread  Lobe 

The  method  of  laying  out  the  cam  lobe  for  threading  is  shown  at 
Fig.  7.  The  outer  circle  A  indicates  the  relation  between  the  center 
of  the  fulcrum  of  the  lead  lever  and  the  cam.  This  circle  represents 
the  path  which  would  be  described  by  the  center  of  the  lead  lever  if 


THEORETICAL  RISE  REQUIRED 
FOR  THRCAOINQ 


Machinery  ^S,  Y. 


"Fig.  1,    Oraphloal  Method  of  Oonstruoting-  ThrMbd  Lobe 

it  were  revolved  around  the  cam.  The  radius  B  equals  the  distance 
from  the  center  of  the  roll  to  the  center  of  the  fulcrum  on  the  lead 
lever.  C  equals  the  vertical  distance  from  the  center  of  the  cam  to 
the  center  of  the  fulcrum  on  the  lead  lever,  and  B  equals  the  hori- 
zontal distance.  Before  constructing  the  thread  lobe,  the  number  of 
hundredths  of  cam  surface,  the  rise  on  the  cam  for  threading,  and 
the  amount  that  the  thread  lobe  is  cut  below  the  outer  circle  of  the 
cam  have  to  be  determined.  Then,  after  having  drawn  the  various 
circles  and  lines  necessary  for  the  construction,  we  can  proceed  as 
follows:  First,  with  the  starting  point  a,  the  highest  point  ft  and  the 
finishing  point  c  of  the  cam  lobe  as  centers,  and  with  a  radius  equal 
to   B,    describe   arcs    intersecting  the   outer   circle   A   at   the    points 
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d,  e»  and  /.  Then  divide  the  spaces  between  the  points  d,  e,  and  / 
into  the  same  number  of  equal  spaces  as  the  number  of  revolutions 
required  for  threading.  With  a  radius  equal  to  B  and  with  centers 
at  the  division  points  on  circle  A,  describe  arcs  intersecting  the 
thread  lobe  as  shown.  On  the  arc  passing  through  point  a  locate 
center  g  of  the  roll  cirjcle  so  that  this  circle  will  pass  through  point 
a,  and  draw  the  roll  circle.  In  a  similar  manner,  draw  the  roll  circle 
passing  through  point  ft,  the  highest  point  of  the  cam  lobe.  With  the 
center  of  the  cam  as  a  center,  draw  a  circle  through  point  g  and 
also  a  circle  through  the  center  of  the  roll  circle  which  passes  through 
point  h.  Divide  the  space  between  the  two  circles  just  drawn  in  the 
same  number  of  equal  spaces  as  the  distances  between  d  and  e  and 
e  and  /  were  divided.  Then,  with  the  center  of  the  cam  as  a  center, 
draw  circles  through  these  division  points.  The  intersection  between 
these  circular  arcs  and  the  arcs  drawn  with  the  points  on  circle  A 
as  centers  determine  the  center  of  the  cam  roll  at  the  various  steps 
of  its  progress,  and  cam  roll  circles  drawn  with  these  intersecting 
points  as  centers  will  determine  the  shape  of  the  thread  lobe.  The 
form  thus  produced  would,  however,  not  give  satisfactory  results  as 
crowding  of  the  tap  or  die  would  occur,  owing  to  the  spindle  speed 
and  the  speed  of  the  driving  shaft  not  being  constantly  in  the  same 
ratio.  It  is,  therefore,  avisable  to  cut  down  the  cam  lobe  after  the 
first  couple  of  threads.  This  Is  shown  in  Fig.  7  where  the  actual  and 
theoretical  rise  required  for  threading  is  shown. 

Improved  Method  of  Constructing  Thread  Lobe 

In  the  method  just  described  the  rise  on  the  thread  lobe  was  deter- 
mined graphically,  this  being  a  very  complicated  and  tedious  method. 
The  advantage  of  the  following  method  lies  In  Its  simplicity,  as  the 
lobe  is  determined  mathematically.  Before  the  thread  lobe  can  be 
constructed,  the  length  of  the  threaded  portion,  the  number  of  threads 
per  inch  and  the  total  number  of  revolutions  of  the  spindle  to  com- 
plete one  piece  are  required  to  be  known.  When  the  number  of 
revolutions  for  threading  and  the  number  of  threads  per  inch  are 
known,  the  rise  on  the  cam  can  be  found  by  the  following  formulas: 
From  14  to  24  threads  per  inch,  r=  (ft-4-p)  X  0.85 
From  28  to  48  threads  per  inch,  r=  {R-^p)  X  0.88  (2) 

From  56  to  80  threads  per  inch,  r^ziR-^p)  x  0.90 

in  which 

I 

ij  =  revolutions   required   for   threading, 
p  =  number  of  threads  per  inch, 
r=rise  on  cam. 

In  Tables  II  and  III  the  results  as  obtained  by  formulas  (1)  and  (2) 
for  various  numibers  of  threads  per  inch  are  tabulated.  To  show 
the  advantages  of  these  tables,  take  a  practical  example.  Assume 
that  a  set  of  cams  is  required  for  the  No.  00  Brown  &  Sharpe  automatic 
screw  machine.  To  make  the  piece  as  shown  at  A,  Fig.  8,  let  the 
spindle  speed  equal  2400  revolutions  per  minute;  the  number  of  revo- 
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TJlBUB    n.    BPINDLB  HXVOLOnONB  AND  OAlt  RI8B  FOR  THRBADmO 


'Is 

2^ 


Number  of  Threads  per  Inch 


80 


n 


64 


M 


48    I    40 


86 


88 


80 


90 


18 


T^h 


First  Line :  Revolutions  of  Spindle  for  Threadinif 
Second  Line :  Rise  on  Cam  for  Threading 


A 
A 

/f 
A 
A 
i 
A 
A 
H 
f 

a 

A 

u 

A 

f 

H 
H 
f 


7.001  7.001  6.50 
0.079  0.088  0.091 

9.50|  9.00  8.50 
0.1070.1180.120 
12.00  U.50'l0. 50 
0 


6.50  4.50  4.50 
0.1040.0820.099 
8.O0I  6.00  5.50 
0.129;0. 1100. 121 
10.09!  7.50  7.00 
135  0.144  0.148|0.161>0. 187  0.154 
14.50,18. 5012.50  11.50  9.00  8.00 
0. 1680. 169|0. 176  0.1850.165,0.176 
I7.0016.00'l4.50  18.50 10.50  9.60 


0.200,0.2040.217  0.192,0.209 
I8.00;i6.50  15.00 12. 00:10.50 
0.225,0.282  0.241 0.220|0.281 
20.5018.5017.0018.5012.00 
0.256,0.2600.278  0.2470.264 


0.191 
19.50 
0.219 
22.00 
0.248 
24.50 
0.276 
27.00 
0.804 

29.50 
0 

82.00 

0.860 

84.50 

0.888 

87.00 

0.416 

89.50 

0.414 

42.00 

0.4780.481 

44.5040.50 

0.5010.506 

47.00'43.00 

0.529!0.588 

49.50'45.00 

0.559,0.563 

52.00'47.50 

0.58510.594 

54.50*49.50 

0.618,0.619 

57.0052.00 


28.50 

0.294 

25.00 

0.818 

27.00 

0.888 

29.50 

0 

81.50 

0.894 

84.00 

0.425 

36.00 

0.450 

38.50 


20.5018.5015.0018.00 
0.288  0.297  0.275  0.286 
22.50  20.5016.5014.50 
0.8160.829  0.802  0.819 


24. 50;22.00Jl8. 0015.50 
0.845  0.854  0.840 
26.50  24.0019.50 
0.878  0.886  0.857 
28.50  25.50  21.00 


0.4010.410  0.885,0.896  0.408  0.418 
80.50  27. 50'22.5019.50  17.5016.00 
0.429,0.442  0.412.0.429  0.428  0.440 
32.50  29. 00'24.00'20.5019. 00 17.00 
0.457  0.466|0.440i0.451i0.A64  0.468 


84.50!3l.00'25.50  22.00  20.00 
0.484  0.49810.477  0.484,0.489 


0.641 
59.50 
0.679 
62.00 
0.698 
64.50 
0.726 


4.00 
0.098 

5.50 
0.184 

6.50 
0.159 

7.00 
0.171 

8.50 

0.208 

10.00 

0.244 

11.00 

0.269 

12.00 

0.298 

18.00 

0.818 

14.50 

0.84110.854 

17.0015.50 

0.8740.879 

18.0016.50 


4.00 
0.110 

5.00 
0.188 

6.00 
0.165 

7.00 
0.198 

8.00 
0.220 

9.00 
0.248 
10.00 
0.275 
11.00 
0.808 
12.00 
0.880 
18.00 
0.858 
14.00 
0.885 
15.00 


36.50 
0.513 
38.50 
0.541 


32. 50'27. 00  28.0021.00 
0.522,0.495  0.506,0.518 
34.50  28.50'24.50'22.00 


18.00 
0.495 
19.00 
0.528 
20.00 


0.554.0.522,0.589,0.58810.550 


40. 50  36. 00  30. 00  25. 50'23. 50  21. 00 
0.570]0.579  0.650  0.561,0.674  0.578 
42.50  38.00  31.5027.00124.50  22.00 
0.598  0.611{0.577p.594i0. 599  0.605 
14.50  39.50'88.00  28.00^25.50  28.00 
0.626  0.635i0.605|0.616i0. 628  0.6 
46.50  41 .50  84.50  29.50;26.50  24.00 
0.650  0.654  0.6670.622  0.64910.648  0.660 
54.00  48.50'48.00  86.00  30.50128.00  25.00 
0.675  0.682,0.691,0.660  0.671i0.684  0.6 
56. 50  50. 50  45. 00*87. 50  82. 00129. 00  26. 00 
0.706  0.710|0.723i0.677,0.704,0. 709  0.715 
58.50  52.50!46.50'39.00  88.00  80.00  27.00 
0.781 0.788:0. 747:0. 715i0. 726  0.783  0.748 


4.00 
0.117 

5.00 
0.147 

6.00 
0.176 

7.00 
0.205 

7.50 
0.220 

8.50 
0.249 

9.50 
0.279 
10.50 
0.808 
11.50 
0.887 
12.50 
0.867 
18.50 
0.896 
14.50 
0.425 
15.00 
0.440 
16.00 
0.469 
17.00 
0.499 
18.00 
0.528 
19.00 
0.557 
20.00 
0.687 
21.00 
0.616 
22.00 
0.645 
28.00 
0.675 
28.50 
0.689 
24.50 
0.719 
26.50 
0.748 


8.60 

0.149 

4.00 


4.00 

M26 

5.00  8.00 
0.1570.106 

5.60!  4.00 
0.1780.142 

6.50|  4.50 
0.2040.159 

7.50!  5.50 
0.286|0.195 

8.50  6.00 
0.2670.218 

9.00  7.00 
0.2880.248 
lO.Ool  7.50 
814,0.266 
11.00  8.50 
0.8460.801 
12.00  9.00 
0.8770.819 
12.50!l0.00 
0.89810.854 
18.50{l0.50 
0.424:0.8720.888 


0.1700.165 


14.50111.50  9.50 
0.456  0.407  0.404 
15.50 


0.487 
16.00 
0.503 
17.00 
0.584 
18.00 
0.566 
19.00 
0.597 
19.50 
0.618 
20.50 
0.644 
21.50 
0.676 
22.50 
0.707 
28.00 
0.723 
24.00 
0.754 


12.0010.50 
0.4250.446 
18.0011.00 
0.4600.468 
18.50 


4.50 
0.191 

6.50 
0.284 

6.00 
0.255 

6.50 
0.276 

7.00 
0.298 

8.00 
0.840 

8.50 
0.861 

9.00 


4.0(^ 
0.189 

5.00 
0.286 

6.60 
0.260 

6.00 


0.2880.292 
6.50 


0.478 
14.50 
0.514 
15.00 
0.581 
16.00 
0.567 
16.50 
0.584 
17.50 
0.620 
18.00 
0.688 


11.5010.60 
0.4890.496 
12.0011.00 
0.5100.519 
18.0011.60 
0.5580.543 
18.5012.00 


0.673 
19.50 
0.691 


8.60 


8.50 
O.I861 

4.00]  8.a 
0.2120211 

4.50'  4M 
0.2890.24 


6.00 

0.266 

5.50 


0.807 

7.00 
0.880 

7.50 
0.854 

8.50 
0.401 

9.00 
0.425 

9.60 
0.448 
10.60 
0.496 


AM 

10.271 

5.0 

0.80 


6.00  5.9 
0.8190.^ 

6.60  6.0 
0.8450.80 

7.00  6.5 
0.8TO0.8» 

7.50  7.01 
0.896  0.4S 

8.00'  7.0 
0.425,0.421 

8.50  7.54 
0.451 0.45J 

9.00  8.0 
0.478*0.48 

9.50|  8.9 
0.5040.511 


0.574 
14.00 
0.595 
14.50 
0.616 
15.50 
0.659 


19.0016.00 


0.680 
16.50 
0.701 


0.566 
18.00 
0.614 
18.50 
0.687 
14.00 
0.661 
14.50 
0.684 
15.00 
0.708 


lO.Ool  9.0 
0.5810.5^ 
10.50  9.0 
0.5680.57 

11.0010.0 
0.5840.6(7 


II.60I1O.O 
0.611,0.89 
12.0010.5( 
O.-687|0.6» 

12.6011.0 
O.664'0.66l 

18.0011.» 
0.6900.6« 

18.60;i2.0 
0.7170.7» 
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TABia  m.    BPINDZJI  BSVOLXTTIOirS  AKD  OAH  BZSB  FOB  THBBADINO 


Number  of  Threads  per  Inch 


80|7S|m|m|48|40|86|88        8o|88|m     "»        18    |    16 


14 


First  Line :  Itevolutions  of  Spindle  for  Threading 
Second  Line :  Rise  on  Cam  for  Threading 


67.00 
0.754 
69.50 

'72.00 
10.810 
'74.50 
|0.8" 
177.00 
0.866 
79.50 
0.894 
82.00 
-0.928 
84.50 
0.951 
89.50 
1.007 
94.50 
1.068 
99.50 
1.119 
104.5 
1.176 


61.00 
0.768 
68.00 
0.788 
65.50 
0.819 
67.50 
0.844 
70.00 
0.875 
72.00 
0.900 
74.50 
0.981 
76.50 
0.956 
81.00 
1.018 
85.50 
1.069 
90.00' 
1.125, 
94.50 
I.I8I1 
99.00' 
1.288, 
108.5 
1.294 


54.50148.5040.50 
0.767  0.779  0.742 
56.50  50.00*42.00 
0.795|0.804,0.770 
58.50  52.00*48.50 
0.828  0.886|0. 797 
60.50  58. 50'46.00 
0.8510.8600 


62.50 
0.879 
64.50 
0.907 
66.50 
0.985 
68.50 
0.968 
72.50 
1.019 
76.50 


55.50 
0.892 
57.00 
0.916 
59.00 
0.948 
60.50 
0.972 
64.00 
1.028 
67.50 


1.0761.084 
80.5071.00 
1.1261.141 
84.5074.50 


46.50 
0.842 
48.00 
0.880 
49.50 
0.907 
51.00 
0.918 
54.00 
0.990 
57.00 


84.50 

0.759 

85.60 

0.781 

87.00 

0.814 

88.00 

0. 

89.50 

0 

40.50 

0.891 

42.00 

0.924 

48.00 

0.946 

45.50' 

1.0011 

48. 00' 


1.0451.056 
60.00'50.50 
1.100,1.111 
68.00  58.00 
1.188: 1.197:1. 155, 1.166 
88.50  78.00  66.00  55.50 
1.2441.2581.2101.221 
92.5081.50  69.0058.00 
1.8011.8101.2661.276 
96.50  85.00  72.00  60.50 
1.8571.8661.8201.881 
100.5  88. 50175. OO'OS.OO' 


1.418 
104.5 
1.469 


1.4 

92.00 

1.478 

95.50 

1.585 

99.00 

1.591 

102.5 

1.647 

106.0 

1.708 


1.8751.886 
78.00  65.50 
1.4801.441 
81.00  68.00 
1.485>1.496 
84.00  70.50 
1.6401.551 
87.00'78.00 
1.596,1.606 
90.0075.50 
1.660,1.661 
98.00  78.00 
1.7051.716 
96.00  80.50 
1.7601.771 
99.00*88.00 
1.815|1. 


81.00 
0.758 
82.50 
0.794 
88.50 
0.819 
84.50 
0.848 
85.50 
0.868 
87.00 
0.904 
88.00 
0.929 
89.00 
|0.958| 

11.018 
148. 50| 
1.061 
46. 00: 
1.122 
48.00 
1.171 
50.50 
1 

52.50 
1.281 
55.00 
1.842 
57.00 
1.891 
59.50 
1.452 
61.50 
1.501 
64.00 
1.562 
66.00 
1.610 
68.50 
1.671 
70.50 
1.720 
78.00 
1.781 
75.00 
1.880 
I 


28.00 
0.770 
29.00 
0.798 
80.00 
0.826 
81.00 
0.858 
82.00 
0.880 
88.00 
0.908 
84.00 


27.5026.0021.0018.0016.0014.60 
^^^^ 

15.00 
0.797 


0.807 
28.50 
0.886 
29.50 
0.865 
80.00 
0.880 
81.00 
0.909 
82.00 


0.986,0.989 
85.00  88.00 
0.9680.968 
87.0085.00 


1.018 
89.00 
1.078 
'41.00 


1. 

87.00 
1.084 
88.50 


1.1281.128 
48.0040.50  88.00 


1.1881.187 


45.0042.5040.00 


1.2881.246 


0.817 
26.50 
0.888 
27.60 
0.864 
28.50 
0.895 
29.60 
0.927 
80.00 
0.948 
81.00 
0.974 
82.00 
1.006 
84.50 
1.088 
86.50 
1.146 


0.7440.7660.756 


22.00 


0.779  0.786  0.779 


1.198 


1.256 


47.00 
1.298 
49.00 
1.848 
51.00 
1.408 
68.00 


1.4181. 

47.0089.00 

1.45811. 46611.476  1.881 
55.00  52. 00*48. 50'40. 60 
1.51811. 624:1. 528,1. 484 
57.00  68. 60160. 50  42.00 


18.60 


22.50 
0.797 
28.50 
0.882 
24.00 
0.850 
26.00 
0.886 
26.50 
0.908 
27.00 
0.956 
28.50 
1.009 
80.00 
1.062 
81.60 
1.115 


16.60 


26.5026.00  20.5017.0016.5014.0012.50 
0.7770.786  0.7260.728  0.7820.7480.769 

18.00 
0.789 
18.50 
0.819 
14.00 
0.860 
14.00 
0.860 
14.60 
0.880 
16.00 
0.911 
15.50 
0.941 
16.60 
1.002 
17.60 


19.00 
0.808 
19.50 
0.829 
20.60 
0.871 
21.00 
0.898 
21.50 
0.914 
28.00 
0.978 
24.00 
1.020 
25.50 
1.084 
26.60 
1.126 


88.0028.00 
1.168 


1.190 
44.5041.5084.5029.0026.5028.60 
1.8041.8081.2111.2881.2511.248 
46.0048.50  86.00  80.50  27.5024.60 
1.8481.8661.2741.2961.2981.801 
48.0045.0087.6081.50  28.60  25.60 
1.4061.4181.8281 
50.00 


1.846 
88.0029.50 
1.408,1.892 
84.00  81.00  27.50 
1.446,1.4681.460 
85.50'82.00  28.50 


1. 668 1.668,1. 686 1.487|l. 509,1. 610  1.618 
59.00'56.50'62.00'48.50I86.60'88. 00  29.60 
1.628|1.626|1. 688,1. 640,1. 561  1.558  1.666 
61.00  57.50  54.00  45.00  88.00  84.00  80.50 
1.6781.6861.6961.5931.6151.6061.620 
68.00'59.50'55.60'46.50  89. 00'86.60  81.50 
1.788,1.748  1. 748,1. 646,1.658'l. 676  1.678 
65.00'61.00'57.50'48.00  40.60  86.60  82.50 
1.7881.78711.80611.7001.7211.7281.726 
67. 00*68. 00  59. 00!49. 60  41. 60  87. 50  88. 60 
1.8431.846J1.858.1.7621.764J1.770  1.779 


17.6015.60 

0.826  0 

18.0016.00 

0.8600.860 

18.5016.60 

0.8780.876 

19.0017.00 

0.897  0.908 

19.6017.60 

0.9200.929 

20.6018.60 

0.9680.982 

22.0019.60 

1.0881.0861.062 
28.00  20.5018.00 
1.0861.0891.098 
24.0021.6019.00 
1.1881.1421 
26.0022.6020.00 
1.1801.1961.214 
21.00 


1.854 
26.60 
1.407 


1.275 
21.60 
1.805 
22.50 
1.866 
28.60 
1.426 
24.50 
1.487 
26.00 
1.618 
26.00 
1.578 
27.00 
1.689 
28.00 
1.700 
28.60 
1.730 
29.50 
1.791 
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TABIM  TV,    HUNDRBDTHS  OV  OIBOniCFBBBNOB  BXPBB8BSD  IN  MZMUTBB 


^  1 

1 

a 

216 

1  g 

1 

y 

1 

1 

1 

1 

Hundredths 

of 

CIrctimferoQce 

1 

1.00 

9.25 

1 
1998  ' 

17.60 

I 
8780 

25.75 

5662 

84.00 

7844 

,42.25 

9126 

1.25 

270 

9.60 

2062 

17.75 

8834 

26.00 

5616 

84.25 

7898 

42.50 

9180 

1.60 

824 

9.75 

2106  ' 

18.00 

ftfiftft 

oooo 

26.26 

5670 

84.50 

7452 

1  42.75 

9284 

1.75 

878 

10.60 

2160 

18.25 

8942 

26.50 

6724 

84.75 

7506 

48.00 

9288 

2.00 

432 

10.25 

2214 

18.60 

8996 

26.76 

6778 

85.00 

7560 

148.25 

«M2 

2.26 

486 

10.50 

2268 

18.76 

4050 

27.00 

5882 

85.26 

7614 

48.50 

9896 

2.50 

640 

10.75 

2822 

19.00 

4104 

27.26 

6886 

85.50 

7668 

148.75 

9450 

2.75 

594 

11.00 

2876 

19.25 

4168 

27.60 

6940 

85.76 

7722 

!  44.00 

9604 

8.00 

648 

11.26 

2480 

19.60 

4212 

27.76 

5994 

86.00 

7776 

44.25 

9558 

8.25 

702 

11.50 

2484 

19.76 

4266 

28.00 

6048 

86.25 

7880 

,  44.50 

9612 

8.50 

766 

11.75 

2688 

20.00 

4820 

28.26 

6102 

86.50 

7884 

44.75 

9666 

8.75 

810 

12.00 

2692 

20.25 

4874 

28.60 

6156 

86.75 

7088 

45.00 

9790 

4.00 

864 

12.25 

2646 

20.60 

4428 

28.75 

6210 

87.00 

7992 

45.25 

•774 

4.25 

918 

12.60 

2700 

20.76 

4482 

29.00 

6364 

87.25 

8046 

45.50 

9828 

4.60 

972 

12.76 

2754 

21.00 

4586 

2a.  25 

6818 

87.60 

8100 

45.75 

9682 

4.75 

1026 

18.00 

2808 

21.26 

4590 

29.50 

6872 

87.76 

8154 

46.00 

9966 

5.00 

1080 

18.25 

2862 

21.60 

4644 

29.75 

6426 

88.00 

8208 

46.25 

9990 

5.25 

1184 

18.60 

2916 

21.75 

4698 

80.00 

6480 

88.25 

8262 

46.50 

10044 

5.60 

1188 

13.75 

2970 

22.00 

4762 

80.25 

6584 

88.50 

8816 

46.75 

10098 

5.75 

1242 

14.00 

8024 

22.25 

4806 

80.60 

6388 

88.75 

8870 

47.00 

10153 

6.00 

1296 

14.25 

8078 

22.60 

4860 

80.75 

6642 

89.00 

8424 

47.25 

10206 

6,25 

1860 

14.60 

8182 

22.76 

4914 

81.00 

6696 

80.25 

8478 

47.50 

10960 

6.60 

1404 

14.76 

8186 

28.00 

4968 

81.26 

6760 

89.50 

8582 

47.75 

10814 

6.75 

1468 

15.00 

8240 

28.26 

6022 

81.50 

6804 

89.75 

8686 

48.00 

10868 

7.00 

1612 

16.26 

8294 

28.50 

6076 

81.75 

6858 

40.00 

8640 

48.25 

10422 

7.25 

1566 

15.50 

8848 

28.76 

6180 

82.00 

6912 

40.25 

8694 

48.50 

10476 

7.60 

1620 

16.76 

8402 

24.00 

5184 

82.25 

6966 

40,60 

8748 

48.75 

10580 

7.75 

1674 

16.00 

8466 

24.25 

6288 

82.60 

7020 

40.76 

8802 

49.00 

10584 

8.00 

1728 

16.26 

8510 

24.60 

5292 

82.76 

7074 

41.00 

8856 

49.25 

10688 

8.25 

1782 

16.60 

8564 

24.75 

5346 

88.00 

7128 

41.25 

8910 

49.50 

10692 

8.60 

1886 

16.75 

8618 

25.00 

5400 

88.25 

7182 

41.60 

8964 

49.75 

10746 

8.75 

1890 

17.00 

8672 

25.25 

5454 

88.60 

7286 

41.76 

9018 

50.00 

10800 

9.00 

1944 

17.25 

8726 

25.60 

6608 

88.76 

7290 

42.00 

9072 

50.25 

10864 

D 
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•S  8 

1 

B 

1  1 
hi 

2 

\1 

1 

Hundredths 

of 
Clrcumferenoo 

! 

1-1 

o 

1 

'S 

1 

50.60 

10908 

59.00 

12744 

67.50 

14580 

76.00 

16416 

84.50 

18252 

98.00 

20088 

50.75 

10962 

59.25 

12798 

67.75 

14684 

76.25 

16470 

84.75 

18806 

98.25 

20142 

51.00 

11016 

59.50 

12852 

68.00 

14688 

76.50 

16524 

85.00 

18860 

98.50 

20196 

51.25 

11070 

59.75 

12906 

68.25 

14742 

76.75 

16578 

85.25 

18414 

98.75 

20250 

51.50 

11124 

60.00 

12960 

68.50 

14796 

77.00 

16682 

85.50 

18468 

94.00 

20804 

51.75 

11178 

60.25 

18014 

68.75 

14850 

77.25 

16686 

85.75 

18522 

94.25 

20858 

52.00 

11282 

60.50 

18068 

69.00 

14904 

77.50 

16740 

86.00 

18576 

94.50 

20412 

52.25 

11286 

60.75 

18122 

69.25 

14958 

77.75 

16794 

86.25 

18680 

94.75 

20466 

52.50 

11840 

61.00 

18176 

69.50 

15012 

78.00 

16848 

86.50 

18684 

95.00 

20520 

52.75 

11894 

61.25 

18280 

69.75 

15066 

78.25 

16902 

86.75 

18738 

95.25 

20574 

58.00 

11448 

61.50 

18284 

70.00 

15120 

78.50 

16956 

87.00 

18792 

95.50 

20628 

53.25 

11502 

61.75 

18888 

70.25 

15174 

78.75 

17010 

87.25 

18846 

95.75 

20682 

58.50 

11556 

62.00 

18892 

70.50 

15228 

79.00 

17064 

87.50 

18900 

96.00 

20786 

58.75 

11610 

62.25 

18446 

70.75 

15282 

79.25 

17118 

87.75 

18954 

96.25 

20790 

54.00 

11664 

62.50 

18500 

71.00 

15886 

79.50 

17172 

88.00 

19008 

96.50 

20844 

54.25 

11718 

62.75 

18554 

71.25 

15890 

79.75 

17226 

88.25 

19062 

96.75 

20898 

54.50 

11772 

68.00 

18608 

71.50 

15444 

80.00 

17280 

88.50 

19116 

97.00 

20952 

54.75 

11826 

68.25 

18662 

71.75 

15498 

80.25 

17884 

88.75 

19170 

97.25 

21006 

55.00 

11880 

68.50 

18716 

72.00 

15552 

80.50 

17888 

89.00 

19224 

97.50 

21060 

55.25 

11984 

68.75 

18770 

72.25 

15606 

80.75 

17442 

89.25 

19278 

97.75 

21114 

55.50 

11988 

64.00 

18824 

72.50 

15660 

81.00 

17496 

89.50 

19882 

98.00 

21168 

55.75 

12042 

64.25 

18878 

72.75 

15714 

81.25 

17550 

89.75 

19886 

98.25 

21222 

56.00 

12096 

64.50 

18982 

78.00 

15768 

81.50 

17604 

90.00 

10440 

98.50 

21276 

56.25 

12150 

64.75 

18986 

78.25 

15822 

81.75 

17658 

90.25 

19494 

98.75 

21880 

56.50 

12204 

65.00 

14040 

78.50 

15876 

82.00 

17712 

90.50 

19548 

99.00 

21884 

56.75 

12258 

65.25 

14094 

78.75 

15980 

82.25 

17766 

90.75 

19602 

99.25 

21488 

57.00 

12812 

65.50 

14148 

74.00 

15984 

82.50 

17820 

91.00 

19656 

99.50 

21492 

57.25 

12866 

65.75 

14202 

74.25 

16088 

82.75 

17874 

91.25 

19710 

99.75 

21546 

57.50 

12420 

66.00 

14256 

74.50 

16092 

88.00 

17928 

91.50 

19764 

100.00 

21600 

57.75 

12474 

66.25 

14810 

74.75 

16146 

88.25 

17982 

91.75 

19818 

58.00 

12528 

66.50 

14864 

75.00 

16200 

88.50 

18086 

92.00 

10872 

58.25 

12582 

66.75 

14418 

75.25 

16254 

88.75 

18090 

92.25 

19926 

58.50 
58.75 

12686 
19690 

67.00 
67.25 

14472 
14526 

75.50 
75.75 

16808 
16862 

84.00 
84.25 

18144 
18198 

92.50 
92.75 

19980 
20084 
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lutions  to  complete  one  piece,  400;  time  to  make  one  piece,  10  seconds. 
Referring  to  A,  Fig.  8,  the  length  of  the  threaded  portion  is  %  inch 
and  the  pitch  of  the  thread  1/32  inch,  or  thirty-two  threads  per  inch. 
Referring  to  Table  II,  we  find  that  the  number  of  revolutions  required 
is  15  and  the  rise  on  the  cam  0.413.     To  construct  the  lobe,  convert 

15 

the   revolutions   into   hundredths   of   cam   surface,    or   =  0.0375, 

400   • 
or  3%  hundredths.    Then  draw  the  cam  circle  B,  as  shown  in  Fig.  8, 
and  lay  off  on  this  circle  3%  hundredths  to  advance  on  the  screw  and 

3%  hundredths  to  withdraw. 
Cut  down  the  amount  C  be- 
low the  outer  cam  circle  B 
as  required.  Bisect  the  rise 
at  E,  and  with  O^  as  a 
radius  and  a,  &,  and  c  as 
centers  draw  arcs  intersect- 
ing each  other  at  d  and  e. 
With  d  as  a  center  and  ra- 
dius OE  join  points  h  and  a; 
with  e  as  a  center  and  ra- 
dius OE  join  points  c  and  a. 
This  gives  the  shape  of  the 
thread  lobe.  For  cohvenience 
in  cutting,  when  a  Brown  & 
Sharpe  circular  milling  at- 
tachment is  available,  the 
cam  surface  used  for  thread- 
ing is  divided  into  minutes. 
Then  to  obtain  the  lead  (or 
the  number  of  minutes  tra- 
versed for  each  1/1000  inch  rise)  divide  the  number  of  minutes  contained 

0.810 

in  the  portion  of  the  lobe  used,  by  the  rise.    For  example, =  1.96, 

0.413 

or  approximately  2  minutes.  The  equivalents  of  hundredthsi  and 
minutes  are  tabulated  in  Tables  IV  and  V.  The  information  as 
derived  by  the  various  formulas  is  recorded  on  the  drawing 
as  shown  in  Fig.  8,  being  used  by  the  toolmaker  when  cutting 
the   cam. 

Speed-changing  Device 
When  threading  brass,  the  spindle  speed  used  for  the  other  tools 
is  generally  also  suitable  for  taps  and  dies,  but  when  threading  gun- 
scr.w  iron,  Norway  iron,  machine  steel,  tool  steel,  etc.,  the  speed 
used  is  too  high.  As  has  been  previously  explained  imder  the  heading 
"Reversing  the  Spindle,*'  time  would  be  lost  in  threading  if  the  ma- 
chine were  reversed  from  forward  to  backward  and  then  forward 
again  on  the  No.  00  Brown  &  Sharpe  automatic  screw  machine.  There 
are    various    methods    of    overcoming    this    difficulty.      One    method 


Fiff.  8.    Improved  Method  pf  Oonatruotlnir 
Thread  Lobe 
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is  to  run  the  spindle  backward  with  the  large  pulley  and  forward 
with  the  small  pulley  on  the  countershaft.  There  is  an  objection 
to  this,  however,  viz,,  as  there  are  generally  other  tools  in  the 
turret  besides  the  die  or  tap  holder.  They  would  either  have 
to  be  made  to  cut  left-hand  or  else  run  at  the  same  speed  as  the 
tap  or  die.  It  can  easily  be  seen  that  in  the  majority  of  cases,  the 
toolB  used  in  the  turret  would  not  be  working  at  their  maximum 
capacity  if  made  to  cut  right-hand. 

Ratio  Threading  Attachment 

The  attachment  A,  shown  in  position  in  the  turret  in  Fig.  9,  serves 
to  revolve  the  die  or  tap  in  the  same  direction  as  that  in  which  the 
spindle  is  rotating,  but  at  one-half  the  spindle  speed.  As  before  men- 
tioned, it  is  used  where  no  other  slow  movements  are  required  except 


Fiff.  9.    Ratio  Threading-  Attachment 

for  threading,  enabling  the  spindle  to  run  at  its  maximum  speed  for 
all  the  other  operations.  The  attachment  is  driven  by  a  %-inch 
round  belt  from  the  overhead  works,  the  shaft  passing  through  tho 
turret  head  connecting  pulley  C  with  bevel  gears  D,  thus  driving 
the  attachment  A.  Spring  E  acts  in  the  same  manner  as  the  spring 
in  the  ordinary  draw-out  die  or  tap  holder.  The  method  of  determin- 
ing the  shape  of  the  cam  lobe  when  using  this  attachment  is  as  fol- 
lows: Let  the  spindle  speed  for  the  forming  and  cut-off  operations 
equal  2400  revolutions  per  minute;  then  the  forward  speed  of  the 
spindle  for  threading  is  1200,  and  the  sx)eed  of  this  attachment  600 
revolutions  per  minute.  Assume  the  length  of  the  threaded  portion 
to  be  3/16  inch  and  that  40  threads  per  inch  are  to  be  cut  Referring 
to  Table  II,  we  find  that  the  thread  cutting  will  require  10.5  revolu- 
tions. But  considering  that  the  speed  of  this  attachment  is  one-half 
the  spindle  speed,  we  would  require  10.5  X  2  =  21  revolutions  of  the 
spindle  for  cutting  the  thread.  Again,  as  this  attachment  rotates 
in  the  same  direction  as  the  spindle,  the  speed  of  the  attachment  when 
backing  off  the  work  would  be  2400  -f  600  or  3000  revolutions  per  min- 
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ute.    Then  the  number  of  revolutions  of  the  spindle  required  for  backing 

2400 
oft  the  work  would  be X  10.5,  or  8.5  revolutions,  approximately. 

3000 
The  same  rise,  0.231,  as  given  in  Table  II,  is  used  for  each  side  of 
the  thread  lobe,  but  the  distance  along  the  cam  circumference  in  each 
part  of  the  lobe  is  different,  as  it  requires  21  revolutions  to  advance 
and  only  8.5  revolutions  to  retreat. 

Belt  Shifting  Attachment 

The  ratio  threading  attachment  as  shown  in  Fig.  9  is  only  suitable 
for  cutting  brass  and  fine  threads  on  Norway  iron,  machine  steel,  etc. 


^m^^l-^i 


WITH  RtSEA  A  FALLS  AS  SPEanED  ON  DRAWING 


MADE  FROM  NORWAY 
IRONROO 

A     Maehinfry.Jf.r* 


% 


Plff.  lO.    Bzample  of  Design  of  Thread  Lobe  wHen  ualnff 
Belt  Shifting  Attachment 

This  attachment  would  not  be  entirely  satisfactory  for  the  Xo.  0  or 
No.  2  Brown  &  Sharpe  automatic  screw  machine,  as  a  more  positive 
drive  is  generally  required  for  these  machines.  In  Fig.  2  is  shown  the 
No..  0  Brown  &  Sharpe  automatic  screw  machine  equlpi)ed  with  a 
speed-changing  attachment.  The  countershaft  is  supplied  with  a 
large  and  a  small  pulley  which  will  give  the  desired  spindle  speeds. 
This  attachment  is  operated  by  the  same  dog  and  lever  that  reverse 
the  spindle.  When  the  dog  on  the  cam  shaft  trips  the  lever,  the 
clutches  C  and  Cx  engage,  thus  driving  gears  D  and  E,    Gear  E,  being 
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attached  to  shaft  F,  revolves  disk  G  on  which  the  eccentric  connecting- 
rod  H  is  attached.  When  the  rod  H  is  drawn  up  or  down  it  shifts 
the  belt  from  the  large  to  the  small  pulley  or  vice  versa.  The  system 
of  gearing  provided  shifts  the  belt  twice  for  every  revolution  of  the 
driving  shaft.  The  number  of  revolutions  of  the  spindle  required  to 
shift  the  belt  with  the  spindle  running  at  1800  R.  P.  M.  forward  speed 
equals  7%  revolutions. 

To  explain  the  method  of  designing  the  thread  lobe,  we  will  take 
a  practical  example.  Assume  that  it  is  required  to  make  the  piece 
as  shown  at  A,  Fig.  10,  on  the  No.  0  machine,  the  spindle  speeds 
being  1800  and  900  revolutions  per  minute,  respectively,  using  the 
900  revolutions  per  minute  for  tapping.  The  cams  for  making  this 
piece  are  shown  in  Fig.  10.  The  time  required  to  make  one  piece  is 
17  seconds,  or  510  revolutions.  The  number  of  revolutions  for  thread- 
ing found  in  Table  II  is  16.5;  but  as  the' tap  will  run  at  900  revolutions 
per  minute  instead  of  1800,  we  will  require  a  time  equivalent  to 
16.5  X  2  or  33  revolutions  at  the  1800  R.  P.  M.  speed  for  threading. 

33 

Then  the  hundredths  required  equals  =  0.0647,  or  approximately 

510 
6%  hundredths.  The  rise  on  the  cam  is  given  in  Table  II  as  0.403. 
Referring  ta  Table  II,  Machinery's  Reference  Book  No.  100,  we  find 
that  it  will  require  4/100  to  feed  the  stock,  or  5/100  to  revolve  the 
turret;  this  equals  25.5  revolutions  to  revolve  the  turret.  Then  the 
actual  number  of  hundredths  of  cam  circumference  between  the  last 
operation  and  the  starting  of  the  thread  lobe,  to  revolve  the  turret  and 
reverse  the  spindle  is  25.5  +  7.5  =  33  revolutions.  Converting  this 
into  hundredths,  we  get  6.47  or  approximately  6^  hundredths.  It  Is 
always  good  practice  to  allow  plenty  of  clearance  for  threading  as 
the  die  or  tap  holder  Intended  for  the  job  may  have  to  be  replaced 
by  one  which  would  require  more  clearance. 
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TAPS  AND  DIBS  FOR  SCREW  MAOHINB  WORK 

In  Fig.  11  is  shown  the  common  form  of  spring  screw  threading  die 
with  Its  adjustable  ring.  Dies  of  this  type  are  used  to  a  large  extent 
on  the  Brown  &  Sharpe  automatics,  but  the  results  obtained  are 
not  always  entirely  satisfactory.  There  are  a  number  of  objections 
to  this  type  of  die.  The  common  method  of  making  these  dies  is  to 
hob  them  out  with  a  tap  larger  in  diameter  than  the  basic  screw,  and 
then  to  close  them  in  by  means  of  the  adjusting  ring  shown.  This 
produces  an  imperfect  thread  if  a  tap  much  larger  in  diameter  than 
the  basic  size  of  the  screw  is  used.  The  correct  method  of  tapping 
out  a  die  of  this  kind  ia  to  use  a  taper  tap  which  gives  clearance  at 
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Fig-.  11.    Spring  Screw  Threadlnir  Die  and  A^uBttag  Rbag 

the  back  of  the  die.  This  necessitates  the  making  of  taper  taps  which 
adds  to  the  expense  of  the  die.  This  type  of  die  is  also  difficult  to 
harden  without  springing  the  prongs,  thus  causing  chattering  and 
producing  a  thread  which  is  not  correct  in  shape.  Making  a  die  with 
three  prongs  or  cutting  edges  obviates  chattering  and  produces  a 
more  nearly  perfect  thread.  When  cutting  a  small  screw,  the  work 
sometimes  breaks  off  in  the  die,  making  it  practically  useless,  because 
in  drilling  out  the  broken  pieces,  the  thread  in  the  die  is  almost  always 
injured.  A  type  of  die  which  overcomes  this  latter  objection  is  shown 
in  Fig.  12,  the  die  here  shown  being  split,  allowing  the  broken  screw 
to  be  easily  removed.  The  location  of  the  cutting  edges  on  spring 
screw  threading  dies  should  be  radial  for  brass,  and  about  one-tenth 
of  the  diameter  ahead  of  the  center  for  Norway  iron,  machine  steei, 
etc. 

AcUustable  Bound  Split  Threadiner  Dies 

The  adjustable  round  split  die  has  an  advantage  over  the  spring 
screw  threading  die  for  the  following  reasons:     It  can  be  hardened 
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without  springing  out  of  shape,  and  can  be  held  more  rigidly,  which 
produces  good  results;  and  although  it  cannot  be  ground  to  advantage, 
its  first  cost  is  so  much  less  than  that  of  the  spring  screw  threading 
die  that  it  can  be  discarded  when  dull.  On  account  of  the  rigid 
manner  in  which  this  die  can  be  held,  the  cutting  edges  in  all  cases 
can  be  located  ahead  of  the  center  about  one-tenth  of  the  diameter 


Flff.  12.    Bpllt  Sprlnff  Bcrew  Threading  Die 

Which  gives  good  results.  In  Fig.  13  is  shown  a  type  of  adjustable 
round  split  button  die  as  used  by  the  Northern  Electric  &  Mfg.  Co., 
Ltd.,  of  Montreal.  This  type  of  die  has  been  found  to  give  such 
favorable  results  that  it  is  used  by  this  firm  in  preference  to  all 
other  types  for  screw  machine  work.  In  Tables  VI  and  VII  are 
given  Che  sizes  used  by  the  above  firm  in  making  their  dies  for  the 


Pig-.  18.  0«ner»l  Otmenslona  and  Des^fm 
of  Apmroved  Tsrpe  of  Adjustable  Bound  Bpllt 
Button  Die 


Plff.  14.  mustratlon  showtnff 
Clearance  for  Adjustable  Round 
BpUt  Button  Die 


A.  S.  M.  E.  standard  and  special  screw  sizes.    The  formulas  used  for 
the  dies  are  as  follows: 
External  diameter  =  basic  external  diameter  of  screw. 
Pitch  diameter  =  basic  pitch  diameter  of  screw, 

0.10825 

Root  diameter  =  basic  root  diameter  of  screw  +  

No.  of  threads  per  inch 
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This  latter  amount 


0.1082G 


is  added  to  the  basic  root 


No.  of  threads  per  inch 
diameter  to  provide  for  wear.  While  the  sizes  ^as  given  have  been 
used  by  the  firm  mentioned,  for  a  considerable  time,  theoretically  it 
is  not  the  correct  way  of  making  the  die,  because,  to  cut  a  clean 
thread,  a  die  should  have  clearance  as  shown  at  a.  Fig.  14,  and  as  a 
screw  is  generally  cut  below  the  maximum  diameter,  the  sizes  as  given 
would  not  provide  any  clearance  at  all;  in  fact  it  would  be  just  the 
reverse,  as  the  die  would  have  to  he  closed,  instead  of  opened  up. 
When  good  results  are  desired   the  die  should  be  tapped  out  smaller 

TABIiB  VI.    AD  JU8TABUS  ROUND  SPLIT  80RBW  THREAD  BUTTON 
DIB  BIZBS  FOR  A.  8.  M.  B.  STANDARD  SORBWS 


Size  of  Screw 

and  Number  of 

Tnreads  Per  Inch 

External 
Diameter 

Pitch 
Diameter 

Root 
Diameter 

0.060  —  80 

0.060 

0.0519 

0.0424 

0.073  —  72 

0.073 

0.0640 

0.0535 

0.086  —  64 

0.086 

0.0759 

0.0640 

0.099  —  56 

0.099 

0.0874 

0.0739 

0.112  —  48 

0.112 

0.0985 

0.0827 

0.125  —  44 

0.125 

0.1102 

0.0930 

0.138  —  40 

0.138 

0.1213 

0.1028 

0.151  —  36 

0.151 

0.1330 

0.1119 

0.164  —  36 

0.164 

0.1460 

•     0.1249 

0.177  —  32 

0.177 

0.1567 

0.1330 

0.190  —  30 

0.190 

I        0.1684 

0.1431 

0.216  —  28 

0.216 

0.1928 

0.1658 

0.242  —  24 

0.242 

I         0.2149 

0.1834 

0.268  —  22 

0.268 

0.2385 

0.2040 

0.294  —  20 

0.294 

0.2615 

0.2236 

0.320  —  20 

0.320 

0.2875 

0.2496 

0.346  — 18 

0.346 

0.3099 

0.2678 

0.372  — 16 

0.372 

0.3314 

0.2841 

0.398  — 16 

0.398 

0.3574 

0.3101 

0.424  — 14 

0.424 

0.3776 

.      0.3235 

0.450  —  14 

0.450 

0.4036 

0.3495 

than  the  basic  screw,  and  then  opened  up,  as  this  would  give  a  good 
clearance  as  shown,  enlarged,  at  a,  Fig.  14.  Making  the  root  diameter 
of  the  die  the  same  as  the  minimum  screw  would  give  the  desired 
results.  This  has  been  experimented  with  and  the  results  obtained 
were  perfectly  satisfactory.  The  following  formulas  should  then  be 
used  for  obtaining  the  sizes  of  adjustable  round  split  button  dies: 
External  diameter  =  basic  external  diameter  of  screw. 
Pitch  diameter  =  minimum  pitch  diameter  of  screw,  or  basic  pitch 

0.168 

diameter  of  screw 

No.  of  threads  per  inch  -f-  40 
Root  diameter  =  minimum  root  diameter  of  screw  or  basic  root  di- 

0.10825  0.168 

ameter h  - 


No.  of  th'ds  per  inch 


No.  of  th'ds  per  inch  -f-  40 
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Making  the  external  diameter  equal  to  the  basic  external  diameter 
allows  for  clearance,  which  is  necessary,  as  the  external  diameter  of 
the  die  should  not  be  used  for  cutting  the  screw  to  size.  This  should 
be  accomplished  eithor  by  a  finishing  box-tool  or  by  the  crossrslide 
forming  tools.  It  is  obvious  that  making  the  dies  to  the  sizes  given 
in  the  formulas  permits  them  to  be  used  longer  and  still  cut  a  clean 
thread.  The  work  should  be  turned  slightly  smaller  than  the  finished 
diameter  required,  depending  on  the  material  and  the  pitch  of  the 
thread. 

TABIiB  Vn.    ADJUBTABUB  ROUND  SPLIT  BOBEW  THBBAD  BUTTON 
DIB  SIZBS  JfOB  A.  a.  M.  B.  BFBOIAL  SOBBW8 


Siz^j  of  Screw 

and  Number  of 

Threads  Per  Inch 

External 
Diameter 

Pitch 
Diameter 

Root 
Diameter 

0.073  —  64 

0.073 

0.0629 

0.0510 

0.086  —  56 

0.086 

0.0744 

0.0609 

0.099  —  48 

0.099 

0.0855 

0.0697 

0.112  —  40 

0.112 

0.0958 

0.0768 

0.112  —  36 

0.112 

0.0940 

0.0729 

0.125  —  40 

0.125 

0.1088 

0.0898 

0.125  —  36 

0.125 

0.1070 

0.0859 

0.138  —  36 

0.138 

0.1200 

0.0989 

0.138  —  32 

0.138 

0.1177 

0.0940 

0.151  —  32 

0.151 

0.1307 

0.1070 

0.151  -^  30 

0.151 

0.1294 

0.1041 

0.164  —  32 

0.164 

0.1437 

0.1200 

0.164  —  30 

0.164 

0.1424 

0.1171 

0.177  —  30 

0.177 

0.1554 

0.1301 

0.177  —  24 

0.177 

0.1499 

0.1184 

0.190  —  32  ' 

0.190 

0.1697 

0.1460 

0.190  —  24 

0.190 

0.1629 

0.1314 

0.216  —  24 

0.216 

0.1889 

0.1574 

0.242  —  20 

0.242 

0.2095 

0.1716 

0.268  —  20 

0.268 

0.2355 

0.1976 

0.294  — 18 

0.294 

0.2579 

0.2158 

0.320  — 18 

0.320 

0.2839 

0.2418 

0.346  — 16 

0.346 

0.3054 

0.2581 

0.372  — 18 

0.372 

0.3359 

0.2938 

0.398  — 14 

0.398 

0.3516 

0.2975 

0.424  — 16 

0.424 

0.3834 

0.3361 

0.450  — 16 

0.450 

0.4094 

0.3621 

Tables  for  laying-out  button  dies  are  given  in  Machinery's  Data 
Sheet  Book  No.  3,  "Taps  and  Dies,"  pages  30  and  31. 

Machine  Taps 

Internal  threading  on  the  automatic  screw  machine  presents  certain 
difllculties.  There  is  a  tendency  for  the  chips  to  clog  and  to  break  the 
tap  at  the  moment  of  reversal,  as  the  chips  then  lodge  back  of  the 
cutting  edges,  tending  to  prevent  the  tap  from  reversing.  The  spindle 
revolving  at  a  high  rate  of  speed  also  has  a  tendency  to  break  the  tap. 
Taps  for  screw  machine  work  should  have  liberal  space  for  the  chips^ 
the  lands  being  made  just  strong  enough  to  resist  the  cutting  pressure. 
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Of  course,  the  flutes  must  not  be  made  too  deep,  so  as  to  reduce  the 
cross-section  of  the  tap  too  much.  The  cutting  edges  are,  in  general, 
radial. 

In  Tables  VIII  and  IX  are  given  the  manufacturing  limits,  as 
adopted  by  the  Northern  Electric  &  Mfg.  Co.,  Ltd.,  Montreal,  for  the 
A.  S.  M.  E.- standard  and  special  sizes.  The  taps  are  made  from  Stubbs' 
imported  drill  rod.  The  diameters  of  shank  used  are  giren  in  the 
tables,  and  also  the  length  of  the  threaded  portion  and  the  over-all 
length.  All  taps  0.100  inch  in  diameter  and  less,  have  three  flutes,  and 
all  taps  over  0.100  inch  in  diameter  have  four  flutes.  The  formulas 
used  by  the  above  firm  for  the  manufacturing  limits  are  as  follows 
(T.  P.  /.  =  threads  per  inch): 

BXTBRITAIi  DIAMBmiR 

.  0.10825  0.224 

Maximum  =  basic  external  diameter  of  screw  -\ }- 


T,  P.  I.        T,  P.  I.  -h  40 

0.10825  0.112 

Minimum  =  basic  external  diameter  of  screw  -\ 1 

T.  P.  I.       T.  P.  I.  4-  40 

PITCH  DIAMBTFR 

0.224 

Maximum  =  basic  pitch  diameter  of  screw H 

T.  P.  /.  +  40 

0.168 

Minimum  =  basic  pitch  diameter  of  screw  H 

T.  P.  1.  +  40 

BOOT  DIAMBTBR 

0.336 

Maximum  =  basic  root  diameter  of  screw  -\ 

T.  P.  /.  +  40 

0.112 

Minimum  ^  basic  root  diameter  of  screw  -\ 

T.  P.  /.  +  40 

The  only  changes  from  the  A.  S.  M.  E.  formulas  for  the  taps  are  the 
minimum  external  diameter,  and  the  minimum  pitch  diameters.  The 
reason  for  increasing  the  minimum  external  diameters  can  easily  be 
seen  by  comparing  the  results  as  obtained  by  the  formulas  used  by 
the  Northern  Electric  &  Mfg.  Co.  and  the  A.  S.  M.  E.  respectively.  For 
example:  Take  a  tap  0.164 — 36  threads  per  inch.  The  minimum  ex- 
ternal diameter  given  by  the  A.  S.  M.  E.  is  0.1656  inch.  Now  the 
maximum  or  basic  screw  is  0.164  inch.  This  leaves  0.0016  inch  for 
wear,  when  the  tap  has  been  made  the  minimum  size.  This  amount 
has  been  found  not  to  be  sufficient  The  minimum  external  diameter, 
as  found  by  the  formula  used  by  the  Northern  Electric  &  Mfg.  Co., 
is  0,1685  inch,  which  gives  0.0045  inch  over  the  basic  screw.  As  will 
also  be  noted,  this  decreases  the  limit  between  the  maximum  and 
minimum  external  diameters  of  the  tap,  allowing  only  0.0014  inch. 
In  all  cases  the  limits  as  derived  by  these  formulas  have  been  found 
to  be  sufficient.  It  will  also  be  noted  that  the  minimum  pitch  diameter 
is  also  increased  to  extend  the  life  of  the  tap.    In  Table  X  the  results 
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as  obtained  by  the  various  formulas  are  given,  which  simplifies  the 
calculations  necessary  in  determining  the  limits,  as  the  amounts  given 
are  added  to  the  basic  sizes  of  the  screw.  In  the  last  two  columns  are 
given  the  single  and  double  depth  of  the  thread. 

TABIiB  X.    GAIiOUIiATBD  VALUBS  FOB  FOBMUL^^  FOB  FINDING  MANUFACTUBINO 
UMITS  FOB  TAP  AND  DIB  BIZB8 
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0.0180 

64 
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0.0032 
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0.0203 

56 
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0.0023 

0.0035 
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0.0116 

0.0232 

48 
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0.0013 

0.0025 

0.0038 
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0.0135 

0.0271 

44 

0.0025 

0.0013 
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0.0040 

0.0020 

0.0148 

0.0295 

40 

0.0027 

0.0014 

0.0028 

0.0042 

0.0021 

0.0162 

0.0325 

36 

0.0030 

0.0015 

0.0029 

0.0044 

0.0022 

0.0180 

0.0361 

32 

0.0034 

0.0016 

0.0031 

0.0047 

0.0023 

0.0203 

0.0406 

30 

1  0.0036 

0.0016 

0.0032 

0.0048 

0.0024 

0.0217 

0.0433 

28 

0.0039 

0.0016 

0.0033 

0.0049 

0.0025 

0.0232 

0.0464 

24 

0.0045 

0.0018 

0.0035 

0.0053 

0.0026 

0.0271 

0.0541 

22 

0.0049 

0.0018 

0.0036 

0.0054 

0.0027 

0.0295 

0.0590 

20 

0.0054 

0.0019 

0.0037 

0.0056 

0.0028 

0.0325 

0.0650 

18 

0.0060 

0.0019 

0.0039 

0.0058 

0.0029 

0.0361 

0.0722 

16 

0.006S 

0.0020 

0.0040 

0.0060 

0.0030 

0.0406 

0.0812 

14 

0.0077 

0.0021 

0.0041 

0.0062 

0.0031 

0.0464 

0.0928 

An  ordinary  machine  tap  is  suitable  for  cutting  brass,  but  it  does 
not  give  satisfactory  results  when  tapping  Norway  iron,  machine  steel, 
etc.  In  Fig.  15  is  shown  a  tap  which  gives  good  results  in  threading 
Norway  iron  or  machine  steel.  This  tap  should  be  slightly  tapered 
towards  the  back  for  clearance.  The  end  is  ground  at  an  angle  of 
about  55  degrees,  and  slightly  cupped  at  the  center,  and  backed  off  as 


^ORINO  OROOVE  AFTER  HARDENING 

1 

J, 

^Imiiiiiiiiiiiiiiiiiiiiiiiii 

N^^ 

L.„„i4lill^^ 

Machinerv,N.Y.  | 

Fiff.  15.    A  Tap  Suitable  fbr  Norway  Iron  and  Machine  Steel 

shown.  A  groove  is  ground  the  entire  length  of  the  threaded  portion, 
after  the  tap  has  been  hardened.  This  allows  the  oil  to  penetrate  to 
the  point  in  threading,  and  also  provides  clearance  for  the  chips  'to 
back  out.  When  made  from  Stubbs*  imported  drill  rod  and  carefully 
hardened,  this  tap  can  be  worked  at  a  cutting  speed  of  from  35  to  40 
feet  per  minute,  which  would  be  impossible  with  an  ordinary  tap. 
Taps  for  threading  copper  have  their  flutes  cut  spirally  and  should 


Digitized  by  VjOOQ iC 


26  No.  104—SCRElV  MACHINE  PRACTICE 

also  have  an  odd  number  of  flutes.    A  right-hand  spiral  of  about  one 
turn  in  12  inches  should  be  used. 

Tap  DriUs 

The  tapping  size  drills  as  recommended  by  the  A.  S.  M.  E.  are  not 
suitable  for  general  work.  The  question  of  tap  drills  cannot  be  settled 
by  giving  a  table  and  saying  that  the  sizes  therein  contained  are  the 
best.  Of  course,  to  a  certain  extent,  the  sizes  used  in  various  shops 
do  not  vary  greatly,  but  nevertheless  there  is  really  no  standard  size. 

Considering  this,  the 
writer  submits  a  list  of 
tapping  size  drills 
which  have  been  adopt- 
ed by  the  Northern 
Electric  &  Mfg.  Co.  for 
general  work.  These 
sizes  ha^e  given  good 
results  in  practice.  The 
Fiff.  10.  Button  Die  Holder  of  the  slzes  as  glveu  in  Table 

Draw-out  Type  ___  ■.      «  n 

XI  are  used  for  all 
classes  of  work  and  material.  The  amount  of  thread  obtained  by  these 
sizes  is  from  %  to  %  of  a  full  thread. 

Speeds  for  Dies  and  Taps 
As  a  general  rule,  a  die  can  be  operated  at  a  higher  rate  of  speed 
than  a  tap,  for  the  following  reasons:  A  die  can  be  left  harder  than 
a  tap;  and  the  die  can  be  supplied  with  oil  much  easier  than  can  the 
tap.  The  following  surface  speeds  have  been  found  suitable  for  taps 
and  dies  made  from  ordinary  carbon  steel  and  used  on  the  materials 
specified  below: 

BURFAOB  BPEBDS  FOB  DIBS 
Material  Feet  per  Minute 

Brass   (ordinary  quality) 190-200 

Norway  iron  and  machine  steel 30-40 

Drill  rod  and  tool  steel 20-30 

aURFACB  SPEEDS  FOB  TAPS 
Material  Feet  per  Minute 

Brass   (ordinary  quality) 150-160 

Norway  iron  and  machine  steel 25-30 

Drill  rod  and  tool  steel 15-20 

Die  and  Tap  Holders 

The  manner  in  which  a  die  or  tap  is  held  when  being  applied  to  the 
work  has  a  considerable  bearing  on  the  results  obtained.  The  die  or 
tap  holders  supplied  by  the  Brown  &  Sharpe  Mfg.  Co.  give  satisfactory 
results  in  most  cases,  and,  therefore,  these  holders  should  be  used  for 
general  automatic  screw  machine  work.  In  Fig.  16  is  shown  a  button 
die  holder  of  the  draw-out  type,  as  made  by  the  above  firm.  This 
holder  gives  good  results  when  the  work  ijs  not  required  to  be  threaded 
up  to  a  shoulder.  In  Pig.  17  is  shown  an  improved  design  of  releasing 
button  die  holder  also  made  by  this  firm,  a  section  through  the  holder 
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being  shown  at  A.  The  main  feature  of  this  die  holder  is  that  it  can 
be  reversed  without  shock;  therefore,  when  threading  small  screws* 
it  has  less  tendency  to  break  off  the  screw  in  the  die.  At  B  and  O 
are  shown  two  views  at  the  cross-section  XY,    At  B  and  C  are  also 


Jfj»<^*i^r*-i^jf,y, 


Fltf.  17.    niustratlon  staowlnff  Operating  Parts  of  RalacMdnff 
Button  Die  Holder 

shown  two  small  balls  e  which  are  used,  allowing  this  die  holder  to 
reverse  without  shock.  The  operation  of  the  holder  is  as  follows: 
When  the  die  holder  or  spindle  a  draws  out  from  the  body  b,  the  driving 
pins  c  are  also  withdrawn,  so  that  the  ends  of  these  pins  are  drawn  out 
flush  with  the  plate  m.    When  the  machine  spindle  is  reversed,  spindle 


FUr.  18.    BeleaalDff  Tap  Holder 

a  revolves  with  the  work,  the  centrifugal  force  throwing  the  ball  e 
out  of  the  deep  part  of  the  pocket  as  shown  at  B  into  the  position  as 
shown  at  C.  This  locks  the  holder*  allowing  it  to  be  backed  off  the 
work.  This  holder  can  be  used  either  for  right-  or  left-hand  threading 
simply  by  inserting  the  balls  e  in  the  different  pockets,  e.  g,,  when  ball 
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€  is  placed  in  pocket  /  it  will  cut  a  right-hand  thread,  and  when 
placed  in  pocket  g  it  will  cut  a  left-hand  thread.  This  holder  is  used 
to  advantage,  especially  when  .cutting  up  to  a  shoulder. 

In  Fig.  18  is  shown  a  releasing  tap  holder.  The  spindle  A  carries 
a  pawl  a,  which  is  held  back  against  the  shoulder  C  by  the  spring  b. 
When  the  spindle  A  is  drawn  out,  the  beveled  portion  on  the  pawl  a 
allows  it  to  slide  past  block  B,  thus  allowing  the  spindle  A  to  make  one 

revolution,  when  the  op- 
posite face  of  pawl  b 
comes  in  contact  with 
block  B,  thus  allowing 
the  tap  to  back  out  of 
the  work,  A  blank 
bushing  d  is  shown  in 
the  holder. 

Using  Two  Taps 
When  a  full  thread  is 
desired  and  the  size  of 
the  tap  will  not  stand 
the  cutting  pressure.  It 
is  sometimes  found  con- 
venient to  use  two 
taps.  The  first  tap  should 
be  ground  tapered  some- 
what similar  to  a 
starting  tap  used  for 
hand  tapping.  The  taper 
should  extend  back  a 
distance  equal  to  that 
which  the  tap  is  to  go 
into  the  work,  so  that 
the  first  thread  in  the 
work  will  be  to  the  full 
diameter.  The  second 
tap  is  left  with  a  full 
thread.  To  set  the  taps, 
the   dogs   on  the   drum 


Fl(r.l9.    Outtinsr  Thread  Itobe  on  a  Olrcular 
MiUinff  Attachment 


Should  be  set  so  that  the  spindle  will  be  reversing  at  about  the  same 
point'  on  both  the  thread  lobes.  Then  the  first  tap  is  set  and  made 
to  travel  into  the  work  the  desired  distance.  The  second  tap  is  then 
set  in  the  turret,  the  distance  from  the  face  of  the  turret  being  the 
same  as  for  the  first  tap.  If  this  procedure  is  followed,  little  difficulty 
will  be  encountered.  A  releasing  tap  holder  as  shown  in  Pig.  18  is 
preferable  to  the  draw-out  type  for  this  purpose,  as  the  taps  are  not 
required  to  be  set  as  accurately. 

Cutting  the  Thread  Lobe 
In  Fig.  19  is  shown  a  circular  milling  attachment  in  position  on  the 
Brown  &  Sharpe  universal  milling  machine,  equipped  with  a  vertical 
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milling  attachment.  Before  cutting  the  cam  the  various  lobes  are 
laid  out  in  their  respective  positions  as  designated  on  the  drawing, 
and  the  metal  is  removed  either  by  shearing  in  a  punch  press  or 
by  drilling  a  series  of  3/16-inch  holes  about  1/16  inch  from  the  outline 
of  the  various  lobes.  The  cam  is  then  placed  on  block  A,  as  shown, 
which  has  a  projecting  stud,  nut  B  being  used  to  hold  down  the  cam 
tightly  against  the  face  of  this  block.  The  block  is  held  to  the  circular 
milling  attachment  by  two  screws  not  shown  in  the  illustration.  To 
cut  the  cam,  raise  the  knee  until  the  end  mill  passes  the  lower  face 
of  the  cam  C  as  shown,  and  bring  the  end  mill  into  position  at  the 
bottom  of  the  lobe,  in  other  words,  at  the  point  where  the  die  would 
start  on  the  work.  Then  feed  in  the  end  mill  the  desired  distance. 
The  micrometer  collars  on  the  shafts  carrying  handles  D  and  E  are 
then  set  at  zero.  Referring  to  Fig.  10,  we  find  that  the  lead  on  the 
lobe  is  one  thousandth  inch  for  each  3^^  minutes  of  its  circumference, 
but  the  smallest  division  on  this  attachment  is  five  minutes.  We  will, 
therefore,  revolve  the  attachment  five  minutes  for  each  0.0015  inch 
that  we  feed  in  the  cam,  continuing  in  this  manner  until  that  side 
of  the  lobe  is  finished.  The  attachment  Is  then  swung  around  and 
the  other  side  of  the  lobe  completed  in  the  same  manner.  Milling 
the  cam  in  this  manner  leaves  a  series  of  slight  flats  on  the  lobe  which 
can  be  removed  by  filing,  giving  the  cam  lobe  an  approximately 
true    curve. 
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THREAD  ROLLING 

The  rolling  of  threads  has  for  a  considerable  time  been  practiced 
in  the  manufacture  of  machine  and  wood  screws,  the  threads  being 
formed  by  dies  which  have  V-grooves  in  their  opposing  faces,  cut  at 
an  angle  equal  to  the  helix  of  the  thread.  The  operation  of  rolling  a 
screw  in  a  thread  rolling  machine  consists  in  passing  the  screw  be- 
tween two  flat  dies,  one  of  which  is  stationary  and  the  other  recipro- 
cating. This  is  the  principle  on  which  some  of  the  thread  rolling 
machines  on  the  market  work,  while  others  have  one  stationary  hol- 
low cylindrical  die  and  one  revolving  circular  die.  However,  the 
principle  on  which  they  act  is  the  same;  that  is,  part -of  the  material 
is  raised  to  form  the  thread  by  forming  a  corresponding  depression  in 
the  blank.  This  action  makes  the  diameter  of  the  finished  screw  larger 
than  the  blank. 

The  adaptation  of  thread  rolling  to  the  automatic  screw  machine 
is,  however,  of  comparatively  recent  application — hence  the  scarcity 
of  definite  information  on  the  subject.  After  considerable  experi- 
menting with  this  class  of  work,  the  Brown  &  Sharpe  Mfg.  Co.  has 
found  that  the  rolling  of  threads  on  steel  parts  is  a  very  unsatisfac- 
tory practice,  and  thus  confines  the  rolling  of  threads  to  brass  and 
similar  materials.  The  information  given  in  this  chapter,  therefore, 
applies  exclusively  to  the  rolling  of  threads  on  these  materials. 

Obtaining  the  Diameter  of  the  Blank 

The  rolling  of  a  thread  differs  from  cutting  a  thread  with  a  V-tool. 
in  that  by  the  former  method  no  material  is  cut  away,  the  thread 
being  formed  by  displacing  the  material,  as  stated.  Theoretically,  in 
a  sharp  V-thread,  the  volume  of  one  convolution  of  thread  above  the 
pitch  diameter  should  be  greater  thap  that  of  the  space  between  the 
threads  below  the  pitch  diameter,  on  account  of  the  greater  circum- 
ference. Therefore,  the  diameter  of  the  blank  before  rolling  should 
presumably  be  greater  than  the  pitch  diameter.  This,  however,  is 
not  the  case  for  all  materials,  brass  in  particular  being  an  exception. 
As  a  rule,  the  diameter  of  the  blank  for  brass  should  be  approximately 
equal  to  the  pitch  diameter. 

When  rolling  a  U.  S.  standard  thread,  the  pitch  diameter  is  found 
to  be  slightly  greater  than  the  required  diameter  of  the  blank,  because 
of  the  impracticability  of  making  the  thread  roll  with  a  fiat  top.  If  a 
thread  roll  is  not  made  with  a  sharp  V  at  the  top.  It  will  require  a 
considerably  greater  pressure  to  force  it  into  the  work,  and  the  roll 
does  not  produce  as  smooth  and  perfect  a  thread.  Therefore,  it  has 
been  found  advisable  to  make  all  thead  rolls,  whether  for  forming 
a  sharp  V  or  a  U.  S.  standard  thread,  with  a  sharp  V  top  and  bottom. 
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It  is  not  necessary  to  make  the  bottom  of  the  thread  on  the  roll  sharp, 
but  there  would  be  no  advantage  in  having  it  flat,  as  the  outside 
diameter  of  the  screw  is  governed  by  the  diameter  of  the  blank. 

The  shape  of  the  thread  produced  by  a  thread  roll  when  the  U.  S. 
standard  form  is  required  is  shown  at  B  in  Fig.  20.  The  pitch  diameter 
di  is  the  same  as  the  pitch  diameter  of  the  U.  S.  standard  form  shown 
at  A.  The  root  diameter  d^  however,  is  less  than  the  root  diameter 
cfi  of  the  U.  S.  standard  thread  shown  at  A.  The  pitch  diameter  d, 
is  slightly  greater  than  the  required  diameter  of  the  blank,  which  can 
be  found  approximately  by  the  following  formula: 


in  which 


8 


(1) 


D  =  diameter  of  the  blank, 

{^3  =  pitch  diameter  of  the  screw, 

(f,=:  depth  of  U,  S.  standard  thread. 


(See  A  Fig.  20.) 


Piff.  20.    Notetion  used  In  0>loul>ting  Diameters  of  Thread  RoUa 

The  depth  of  the  thread  d.  can  be  found  by  the  following  formula: 

'  ^5=  %  X  p  X  CO&30  deg.  =  0.6495  p  (2) 

1 

where  p  =  the  pitch  of  the  thread  or  

number  of  threads  per  inch 

The  pitch  diameter  is  found  by  the  formula: 

d,  =  d  —  d,  (3) 

where  d  =  the  nominal  external  diameter  of  the  screw. 

When  rolling  a  thread  having  a  sharp  V-form,  the  pitch  diameter  d*. 
as  shown  at  C  in  Fig.  20,  can  be  used  as  the  approximate  diameter 
of  the  blank.  The  correct  diameter  of  the  blank  in  any  case  cannot 
be  found  by  any  formula,  but  by  experiments  only.  It  might  be  pos- 
sible, however,  to  derive  an  empirical  formula  by  making  a  series  of 
experiments,  and  in  each  case  determining  the  hardness  of  the  metal. 
Then  the  results  could  be  tabulated  and  used  under  similar  conditions 
— when  the  metal  is  of  the  same  hardness  and  the  thread  of  the  same 
shape.  It  is  a  simple  matter,  however,  in  the  automatic  screw  machine, 
to  reduce  or  increase  the  diameter  of  the  blank,  so  as  to  give  the 
correct  finished  diameter;  thus  it  seems  that  any  elaborate  method  of 
accurately  obtaining  the  diameter  of  the  blank  by  calculation  is  un- 
necessary. 
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Preparing  Work  for  Thread  Boiling 
In  most  cases  that  part  of  the  work  on  which  a  thread  is  to  b^ 
rolled  can  be  formed  by  the  circular  form  tool.  The  thread  to  be 
rolled  is  generally  at  the  rear  of  a  shoulder,  so  that  the  thread  roll 
has  to  be  of  a  certain  width,  thus  making  it  necessary  to  bevel  the 
edges  of  the  roll  to  prevent  the  threads  at  the  ends  from  chipping. 
It  is,  therefore,  desirable,  when  the  work  is  to  be  threaded  up  to  a 
shoulder,  to  make  the  form  tool  of  such  a  shape  that  it  will  neck  the 
work,  as  shown  at  A  in  Fig.  21,  and  also  to  reduce  the  diameter  at  B 
where  the  work  is  to  be  cut  off. 

The  angle  a  should  be  45  degrees,  and  the  distance  C  should  be 
equal  to  at  least  half  the  single  depth  of  the  thread,  so  that  the  part  B 
will  be  slightly  smaller  than  the  root  diameter  of  the  finished  piece. 
The  distance  E  should  be  made  equal  to  C,  and  the  distance  F  equal  to 
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PIff.  81.    Pr«p»rin«  a  Pleo«  with       Fl«.  22.   Thread  Roll  with  a  Doubia  Thread 
a  Olroalar  Form  Tool  —Note  Bavelad  Bdir«« 

at  least  the  pitch  of  the  thready  When  it  Is  not  necessary  to  roll 
the  thread  up  to  a  shoulder,  the  work  need  not  be  necked.  However, 
better  results  are  obtained,  In  most  cases,  by  necking  the  work,  when- 
ever it  would  not  be  seriously  weakened  thereby. 

Making  the  ThrecMl  Roll 

The  best  results  are  obtained  by  using  a  thread  roll  with  a  single 
thread,  but  when  the  piece  to  be  rolled  is  less  than  %  inch  in 
diameter,  It  is  necessary  to  make  the  roll  with  a  multiple  thread  In 
order  to  have  it  of  the  proper  size.  The  roll  should  be  made  the  op- 
posite hand  to  that  which  it  is  required  to  produce;  that  is  to  say> 
for  a  Tight-hand  thread,  the  thread  roll  is  cut  left-hand. 

Owing  to  the  displacement  of  the  metal  in  forming  a  thread  by  roll- 
ing, there  Is  no  point  In  the  formation  of  the  thread  where  the  contact 
is  pferfect.  If  the  pitch  diameter  of  the  roll  was  made  an  .exact  mul- 
tiple of  the  pitch  diameter  of  the  piece  to  be  rolled,  the  contact  would 
be  perfect  when  the  thread  was  completed,  but  not  at  any  other  point 
during  the  formation  of  the  thread,  and,  therefore,  would  not  allow 
the  metal  to  flow.  The  Brown  &  Sharpe  Mfg.  Co.  has  found  that 
the  pitch  diameter  of  the  roll  should  not  be  an  exact  multiple  of  the 
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pitch  diameter  of  the  finished  piece,  but  should  be  slightly  less.  The 
pitch  diameter  of  the  roll  for  a  U.  S.  standard  thread  can  be  found 
by  the  following  formula: 

D,  =  NxlD 1  (4) 


.=^x(z>-^) 


in  which, 
Da  =  pitch  diameter  of  roll   (see  Fig.  22), 
N  =  approximate   ratio   between  pitch  diameter  of  roll  and 
diameter  of  piece  to  be  threaded. 


pitch 
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Flff.  23.    Lay-out  of  a  Set  of  Cams  for  Performing  a  Thread-roUliiflr  Operation 

D  =  diameter  of  blank  (see  Fig.  21), 

de  =  depth  of  thread  (see  B,  Fig.  20). 

The  depth  of  a  U.  S.  standard  thread  as  produced  by  thread  rolling 
can  be  found  by  the  following  formula  (for  notation  see  B,  Fig.  20): 

(f,  =  %   X  p   X  cos  30  deg.  =  0.7578  p  (5) 

where  p  =  the  pitch  of  the  thread. 

To  illustrate  clearly  the  method  used  in  designing  a  thread  roll  for 
producing  a  U.  S.  standard  thread,  as  shown  at  B  in  Fig.  20,  take 
a  practical  example:     Assume  that  it  is  necessary  to  design  a  thread 
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roll  far  producing  the  thread  on  the  piece  shown  at  A  in  Fig.  23.    As 
this  is  a  U.  S.  standard  thread,  and  it  is  impracticable  to  use  a  roll 
with  a  flat  top,  we  use  the  blank  diameter  for  calculating  the  pitch 
diameter  of  the  roll,  instead  of  the  pitch  diameter  of  the  thread,  as 
would  be  the  caae  with  a  shan?  V-thread.     The  blank  diameter  can  be 
found  by  Formula   (1).     Before  finding  the  blank  diameter,  however, 
it  is  necessary  to  find  the  depth  of  the  thread,  which  can  be  found  by 
substituting  the  known  values  in  Formula  (2),  as  follows: 
d,  =  0.6495  p  =  0.6495  X  0.0555  =  0.0360  inch. 
Then 
da  =  d  —  d,  =  0.4375  —  0.0360  =  0.4015  inch 

and 

d,  0.036 

D  =  da =  0.4015 =  0.4015  --  0.0045  =  0.397  inch. 

8  8 

The  pitch  diameter  of  the  thread  roll  can  then  be  found  by  Formula 
(4),  but  before  finding  the  pitch  diameter  it  is  necessary  to  find  the 
depth  of  the  thread  d«  (see  B,  Fig.  20)  by  inserting  the  values  In 
Formula  (5): 

de  =  p  X  0.7578  =  0.0555  X  0.7578  =  0.042  inch. 
Then 


(0.042\ 
0.397 1=0.766  inch. 


The  root  diameter  D^  and  the  outside  diameter  D»  of  the  thread 
roll  (see  Fig.  22)  can  be  found  by  the  following  formulas: 

Da  =  Di  — dr   (See  C,  Fig.  20)  (6) 

D,  =  D,  +  d,  (7) 

inserting  the  values,  we  have : 

Da  =  0.766  —  0.048  =  0.718  inch, 
and 

D,  =  0.766  +  0.048  =  0.814  inch. 

The  same  method  as  that  given  for  the  U.  S.  .standard  form  of 
thread  is  used  for  the  A.  S.  M.  E.  standard  screws  when  designing  a 
thread  roll.  A  thread  roll  for  a  sharp  V-thread,  however,  is  calculated 
from  the  pitch  diameter,  which  is  also  used  as  the  approximate  di- 
ameter of  the  blank.  For  a  sharp  V-thread  the  root,  pitch  and  outside 
diameters  of  the  roll  are  found  by  the  following  formulas: 


D,  =  Nxid, 1 


(8) 


D2  =  2>x  — dr  (9) 

D,  =  D»+dx  (10) 

in  which 
Da  =  pitch    diameter  of  thread   roll, 
D,  =  root  diameter  of  thread  roll. 
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D.  =  outside  diameter  of  thread  roll, 

N  ==  approximate  ratio  between  pitch  diameter  of  roll  and  pitch 
diameter  of  piece  to  be  threaded, 

({4  =  pitch  diameter  of  thread  or  diameter  of  blank, 

d,  =  0.866  p  (see  C  Fig.  20). 

In  making  a  thread  roll  the  outside  diameter  Is  turned  to  the  siz^ 
required,  and  the  ends  are  beveled  at  an  angle  of  45  degrees,  as  shown 
in  Fig.  22,  to  prevent  the  threads  on  the  ends  of  the  roll  from  chipping. 
If  the  roll  is  to  be  made  with  a  multiple  thread,  the  lathe  must,  of 
course,  be  geared  to  correspond.  Before  cutting  the  thread  It  Is  pre- 
ferable to  bevel  the  edges  at  an  angle  of  30  degrees,  or  equal  to  the 
angle  of  one  side  of  the  thread.  This  facilitates  the  starting  of  the 
thread  tool.  After  the  threads  have  been  cut,  the  roll  should  again  be 
beveled,  but  at  an  angle  of  45  degrees. 


Flff .  24.    Samples  of  Pisces  having  Boiled  Threads 

Thread  rolls  should  be  made  from  steel  containing  a  high  percentage 
of  carbon.  Precautions  should  be  taken  in  hardening,  because  if  the 
sharp  edges  become  burnt  the  roll  will  be  useless.  Thread  rolls,  as 
a  rule,  are  lapped  after  hardening.  This  Is  done  by  holding  them  on 
an  arbor  in  the  lathe,  and  using  emery  and  oil  on  a  piece  of  hard  wood. 
A  thread  roll,  to  give  good  results,  should  not  be  made  to  fit  loosely  in 
the  slot  in  the  holder,  but  should  be  made  a  good  running  fit  If  the 
roll  is  made  to  fit  loosely  in  the  holder,  it  will  "chew  up"  the  threads. 
The  hole  in  the  roll  should  also  be  made  a  good  running  fit  on  the 
pin  In  the  holder,  and  in  most  cases  should  not  be  larger  than  5/16  inch, 
li  Inch  being  usually  adopted  for  rolls  1  Inch  In  diameter  or  less. 

Applying  a  Thread  Roll  to  the  Work 

The  shape  of  the  work  and  the  character  of  the  operations  necessary 
to  produce  it,  govern,  to  a  large  extent,  the  method  employed  in  ap- 
plying the  thread  roll.  There  are,  however,  other  considerations  to 
be  observed,  some  of  which  are  as  follows: 
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1.  Diameter  of  the  part  to  be  threaded. 

2.  Location  of  the  part  to  be  threaded. 

3.  Length  of  the  part  to  be  threaded. 

4.  Relation  that  the   thread   rolling   operation  bears   to   the   other 
operations. 

5.  Shape  of  the  part  to  be  threaded,  whether  straight,  tapered  or 
otherwise. 

6.  Method  adopted  in  applying  the  support. 

When  the  diameter  to  be  rolled  is  much  smaller  than  the  diameter 
of  the  shoulder  preceding  it,  a  cross-slide  knurl-holder  should  be  used. 


FliT'  2fi>    "Fop  Oro8«-aild«  RoU>holdar 

If  the  part  to  be  threaded  is  not  behind  a  shoulder,  a  holder  on  the 
swing  principle  should  be  used.  When  the  work  is  long — greater  in 
length  than  two-and-one-half  times  its  diameter — a  swing  roll-holder 
should  be  employed,  carrying  a  support.  When  the  work  can  be  cut 
off  directly  after  the  thread  is  rolled,  a  cross-slide  roll-holder  should  be 
used.  The  method  of  applying  the  support  to  the  work  also  governs 
to  some  extent  the  method  of  applying  the  thread  roll,  but  as  this  de- 
pends entirely  on  the  shape  of  the  work,  it  would  be  impossible  to  say 
what  method  should  be  employed,  unless  the  shape  of  the  work  were 
known. 

When  no  other  tool  Is  working  at  the  same  time  as  the  thread  roll, 
and  when  there  is  freedom  from  chips,  the  roll  can  be  held  more  rigidly 
by  passing  it  under  instead  of  over  the  work.    When  passing  the  roll 


Digitized  by  CjOOQ iC 


38 


No.  J04—SCREIV  MACHINE  PRACTICE 


over  the  work,  it  has  a  tendency  to  raise  the  cross-slide,  while,  on  the 
other  hand,  if  the  roll  Is  passed  under  the  work,  the  pressure  is  down- 
ward, and  hence  the  holder  is  more  rigidly  supported.  Where  the  part 
to  be  threaded  is  tapered  as  shown  on  the  aluminum  piece  O  in  Fig.  24, 
the  roll  can  be  best  presented  to  the  work  by  holding  it  in  a  cross-slide 
roll-holder. 

Holders  for  Thread  Bolls 

As  previously  mentioned,  certain  considerations  govern  the  method 
of  applying  the  thread  roll;  the  holder  for  the  roll,  therefore,  has  to 
be  designed  to  suit  these  requirements.  There  are  various  types  of 
special  holders  in  use  for  holding  thread  rolls;  a  few  of  the  more  com- 
mon or  standard  types  will  be  described. 

In  Fig.  25  is  shown  what  is  called  a  "top"  roll-holder.    This  holder 


CIRCULAR  CUT-OFF  TOOL    y^ 


trr-3 
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..Jil  \..... 
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Fl|^  86.    Holder  oaed  when  the  BoU  is  passed  under  the  Work 

is  held  on  a  boss  turned  on  the  circular  cut-off  tool,  and  is  clamped 
by  the  circular  <iut-off  tool  and  the  screw  which  holds  the  latter  to 
the  toolpost.  The  thread  roll  is  held  in  a  slot  cut  in  the  forward  end  of 
the  holder  on  a  pin,  the  latter  being  driven  into  the  holder,  as  shown. 
As  considerable  pressure  is  required  to  force  the  roll  into  the  work, 
there  is  a  tendency  to  turn  the  pin  in  the  holder;  to  obviate  this,  a 
flat  is  filed  on  the  pin  and  a  setscrew  A  is  provided.  The  set-screw 
B  is  used  for  setting  the  roll  to  the  proper  depth,  and  rests  on  the 
toolpost.  By  making  hole  C  in  the  holder  to  fit  the  screw  in  the  toolpost, 
this  holder  could  be  held  on  the  outside  of  the  toolpost,  instead  of  fit- 
ting on  the  circular  cut-off  tool.  This  thread-roll  holder  can  be  used 
for  holding  rolls  for  threading  pieces  such  as  shown  at  A,  B  and  C 
in  Fig.  24. 

A  thread-roll  holder  which  is  held  on  the  cross-slide  but  passes  under 
the  work  is  shown  in  Fig.  26.  This  holder  is  held  on  a  projection  on 
the  cut-off  tool  in  a  manner  similar  to  that  shown  in  Fig.  25.  The 
support,  the  set-screw  A,  rests  on  the  cross-slide,  and  is  used  for 
adjusting  the  roll  to  the  proper  depth,  as  well  as  for  supporting  the 
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holder.  This  holder  can  be  held  more  rigidly  than  the  top  roll-holder 
shown  in  Fig.  25;  it  is  used  when  no  other  tool  is  operating  on  the 
work  at  the  same  time,  and  also  where  there  is  an  absence  of  objec- 
tionable chips.     Thread-roll  holders  which  are  held  on  the  cross-slid© 


Flff.  117.    Swinir  Holder  fbr  Holding  a  Thread  Roll 

can  only  be  used  when  the  work  is  cut  off  directly  after  the  thread  is 
rolled,  and  for  this  reason  they  should  be  held  on  the  same  slide  as  the 
cut-off  tool.  If  the  roll  is  brought  back  over  the  work,  it  produces  a 
poor  thread. 

When  it  is  necessary  to  bring  in  the  cut-off  or  form  tool  more  than 
once  for  the  same  piece,  a  cross-slide  holder  should  not  be  used.    Of 


Flff.  118.    Another  Bwhiir  BoU-holder 

course  it  would  be  possible  to  design  a  holder  in  which  the  roll  would 
be  held  in  a  member  free  to  oscillate,  and  held  in  position  by  a  spring. 
This  type  of  holder  would  be  objectionable,  however,  owing  to  the  fact 
that  chips  would  get  in  between  the  movable  member  and  the  body,  and 
prevent  the  part  holding  the  roll  from  coming  back  into  the  same 
place  each  time,  thus  causing  an  endless  amount  of  trouble. 
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When  the  work  is  of  such  a  shape  as  to  necessitate  bringing  in  the 
form  and  cut-off  tools  more  than  once  for  the  same  piece,  a  swing 
holder  should  be  used.  Two  holders  of  this  type  are  shown  in  Figs. 
27  and  28.  These  holders  are  made  on  the  eame  principle  as  the 
ordinary  swing  tool,  with  the  exception  of  the  change  in  the  swinging 
member  to  hold  the  roll.  A  hole  is  drilled  in  the  shank  of  the  holder 
and  a  set-screw  provided  for  holding  a  support. 

A  thread-roH  holder  which  is  held  on  the  cross-elide  and  holds  a  roll 
for  threading  the  beveled  piece  shown  at  O  in  Fig.  24,  Is  shown  in 
Pig.  29.     This  holder  is  held  to  the  toolpost  in  a  manner  similar  to 


Fig-.  29.    Oroas-slide  Holder  for  applying-  a  Thread  Roll  to  a  Beveled  Piece 

that  of  the  holders  previously  described,  but  the  roll  in  this  case  is 
held  at  an  angle  on  the  stud  A. 

Rise  on  Cam  when  using  QroBB-slide  Boll-holder 

In  thread  rolling,  the  roll  is  first  brought  against  the  work,  then 
fed  at  a  certain  feed  per  revolution  until  the  center  of  the  roll  is  in 
line  with  the  center  of  the  work,  and  finally  removed  from  the  work 
on  the  quick  rise  of  the  cam.  As  the  roll  is  removed  from  the  work, 
the  cut-off  tool  is  brought  into  position.  The  rise  on  the  cross-slide  cam 
for  thread  rolling,  when  using  a  holder  held  to  the  toolpost,  can  be 
found  by  the  aid  of  the  following  formulas  derived  from  the  diagram 
Fig.  30.  This  shows  the  outside  circumference  of  the  thread  roll 
touching  the  circuniference  of  the  blank,  and  a  horizontal  line  is  drawn 
tangent  to  the  root  diameter  of  the  finished  screw. 
Let  D  =  diameter  of  blank, 

d,  =  theoretical  root  diameter  of  screw, 

R  ==  blank  radius, 

Uj  =  largest  or  outside  radius  of  thread  roll, 

d  =  difference  between  radius  of  blank  and  radius  of  root  of 
thread. 
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(11) 
(12) 
(13) 


C=V  A»  — B» 

For  example,  let  it  be  required  to  find  the  rise  on  the  cross-slide  cam 
for  threading  the  piece  shown  at  A  in  Fig.  23.  Substituting  the  known 
values  of  the  diameter  of  the  roll  and  the  diameter  of  the  blank  in  the 
above  formulas,  we  have: 

A  =  0.1985  +  0.407  =  0.6055  inch. 

B  =  0.1985  +  0.407  —  0.0218  =  0.5837  inch. 

C  =  V  (0.6055)*— (0.5837 )» =  >/  0.02634  =  0.162  inch. 

Then  the  rise  R^  on  the  cam  (see  Fig.  23)  equals  C  (Fig.  30)  plus 
from  0.010  to  0.015  inch,  depending  on  the  diameter  of  the  roll  and  work. 


FULCRUM  OF  THREAD 
ROLL-HOLOSR 


dUTSIDE  OlAMETEft 
\  OF  THRCAO  ROLL 


K^^ 


*  UacMnerWfy.r. 


Flff .  80.  DtAgrmtn  nsed  In  Oalonlatlziy 
llie  Rlae  on  th«  Cam  for  Thread  BoUinir 
when  a  Orosa-sllde  Holder  Is  used 


FIff.  81.  Diagram  used  hi  Fhidlnff 
XUse  on  Oross-sllde  Cam  when  uslnff 
Roll-holder  of  the  Swtaiff  Type 


This  calculation  is  for  rolling  a  U.  S.  standard  thread,  but  the  same 
method  can  be  used  for  rolling  any  other  shape,  substituting,  of  course, 
the  correct  values. 

Total  Rise  on  Cross-Blide  Cam 

As  the  work  is  cut  off  with  the  same  cam,  it  is  necessary  to  find  the 
total  rise  on  the  cam  for  thread  rolling  and  cutting  off  the  piece; 
this  can  be  found  by  the  following  formulas,  which  are  derived  from  the 
diagram  Fig.  32.  Here  the  thread  roll  is  shown  touching  the  circum- 
ference of  the  blank,  and  the  circular  cut-off  tool  and  thread-roll  holder 
are  shown  in  their  relative  positions. 
Let  T  =  total  rise  on  cam  (see  Fig.  23), 

C  =  distance  from  center  of  roll  to  center  of  work, 
i2,  =  actual  rise  required  to  roll  thread,  which  equals  C  -f  from 
0.010  to  0.015  Inch, 
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R  =  radius  of  theoretical  root  of  thread  on  piece,                       ^ 
fj  =  radius  of  work  turned  down  with  circular  form  tool,  or 

(see  Fig.  21),  2 

L  =  distance  of  bevel  on  cut-off  tool  (see  Fig.  23), 
fa  =  actual  rise  on  cam  to  cut  off  piece,  which  equals  n  -f-  L  -h 

0.010  inch  (to  approach)  -f  0.005  inch  (to  pass  center). 
/ei=:  outside  radius  of  thread  roll, 
i?^  =  largest  radius  of  circular  cut-off  tool, 
i?5  =  radius  of  thread-roll  holder, 
c  ==  distance  that  cut-off  tool  is  cut  below  center. 


THREAD  ROLL-  HOLDER 
/ 


THREAD  ROIL 


MaohtHenf,S.J. 


Flff.  82.    Dtagram  used  In  Flndlnir  the  Tot*]  Biso  on  tiie  0«m  Ibr 
Thread  RoUlnff  and  Oatttn^-off 

E  =  distance  from  center  of  circular  tool  to  edge,  when  tool  is 

cut  down  below  center, 
F  =  distance  from  center  of  cut-off  to  center  of  roll,  when  it  is 
touching  piece  as  shown. 
Then  if 

X=  R-{-  Rt-c 
F=  1/  i2,«  -  X^ 

Now  the  difference  between  the  dimensions  E  and  E,  or  the  distancd 
2),  always  remains  constant,  so  that  it  is  only  necessary  now  to  find 
the  actual  distances  or  rises  required  on  the  cam  for  thread  rolling, 
approaching  the  work  with  the  cut-off  tool,  and  cutting  the  piece  from 
the  bar. 

The  rise  r,  required  to  bring  the  cut-off  tool  up  into  position,  after 
thread  rolling,   to   cut   off  the   piece  =  D  —  n   -f    0.010. 

The  total  rise  T  on  the  cam  equals  -Rj  +  ^a  +  r,. 
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Rise  on  Gross-slide  Gam  when  usinir  Swln^r  Boll-holder 
When  using  a  roll-holder  of  the  tjrpe  shown  In  Figs.  27  and  28,  the 
rise  on  the  cam  can  be  found  by  the  following  formula  derived  from 
the  diagram  Fig.  31,  where  the  thread  roll  is  shown  in  two  positions — 
before  and  after  rolling  the  thread.  The  distance  d,  which  in  this  case 
is  taken  to  be  0.020  inch,  represents  the  distance  between  the  radius  of 
the  blank  and  the  theoretical  root  diameter  of  the  thread  of  the  pieco 
to  be  rolled.  To  this  dimension,  from  0.010  to  0.015  inch  is  added  for 
the  roll  to  approacb  the  work.    Let  (f^  =  d  +  from  0.010  to  0.015  inch. 

Then, 

di  xn 
ie,= (16) 

r 

For  example,  let  d,  =  0.030  inch,  r  =  1%  inch,  and  n  =  2%  inches. 

Then. 

0.030  X  2% 
ie,  = =  0.060  inch. 

There  is  another  method  of  holding  the  thread  roll  when  applying  it 
to  the  work  which  has  not  been  mentioned.  This  consists  in  holding 
the  roll  in  a  holder  fastened  to  the  cross-slide,  but  instead  of  passing 
the  roll  over  or  under  the  work,  it  is  presented  radially  to  the  work. 
The  rise  on  the  cross-slide  would  then  be  d  -h  from  0.010  to  0.015  inch 
(see  Fig.  31). 

Speeds  and  Feeds  for  Thread  Bollinir 

When  the  thread  roll  is  made  from  high-carbon  steel  and  used  on 
brass,  a  surface  speed  as  high  as  200  feet  per  minute  can  be  used. 
Better  results,  however,  are  obtained  by  using  a  lower  speed  than  this. 
When  the  roll  is  held  in  a  holder  attached  to  the  cross-slide,  and  is 
presented  either  tangentially  or  radially  to  the  work,  it  can  be  fed  at  a 
considerably  higher  speed  than  if  it  is  held  in  a  swing  tool.  This  is 
due  to  the  lack  of  rigidity  in  a  holder  of  the  swing  type.  Table  XII 
gives  the  feeds  to  be  used  when  a  cross-slide  roll-holder  is  used; 
and  Table  XI 11  gives  the  feeds  to  be  used  for  thread  rolling  with  swing 
tools. 

The  feeds  given  in  Tables  XII  and  XIII  are  applicable  for  rolling 
threads  without  a  support  when  the  root  diameter  of  the  blank  is 
not  less  than  five  times  the  double  depth  of  the  thread.  When  the  root 
diameter  is  less  than  this  amount,  a  support  should  be  used.  A  support 
should  also  be  used  when  the  width  of  the  roll  is  more  than  two-and- 
one-half  times  the  smallest  diameter  of  the  piece  to  be  rolled,  irre- 
spective of  the  pitch  of  the  thread.  When  the  smallest  diameter  of 
the  piece  to  be  rolled  is  much  less  than  the  root  diameter,  the  smallest 
diameter  should  be  taken  as  the  deciding  factor  for  the  feed  to  be  used. 
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Automatic  Screw  Machine  Practice  for  the  Brown  ft  Sharpe  auto- 
matic screw  machines  is  covered  in  eight  Reference  Books,  Nos.  99  to 
106,  inclusive.  Reference  Boole  No.  99,  "Operation  of  the  Brown  ft 
Sharpe  Automatic  Screw  Machines/'  deals  with  the  construction  of 
these  machines  and  the  setting-up  of  the  tools.  No.  100,  "Designing  and 
Cutting  Cams  for  Automatic  Screw  Machines/'  gives  detailed  instruction 
on  cam  design,  and  describes  a  simplified  method  ^for  milling  cams. 
No.  101,  "Circular  Form  and  Cut-off  Tools  for  the  Automatic  Screw 
Machine/'  deals  with  the  general  arrangement  and  the  calculations  of 
these  tools,  and  describes  the  different  methods  employed  in  their 
making.  No.  102,  "External  Cutting  Tools  for  the  Automatic  Screw 
Machine/'  deals  with  the  design  and  construction  of  box-tools,  taper 
turning  tools,  hollow  mills,  and  shaving  tools.  No.  103,  "Internal  Cut- 
ting Tools  for  the  Automatic  Screw  Machine,"  deals  with  centering 
tools,  cross-slide  drilling  attachments,  counterbores,  reamers,  and  re- 
cessing tools.  No.  104,  "Threading  Operations  on  the  Automatic  Screw 
Machine,"  treats  on  cam*  design  for  threading  operations,  threading 
dies,  taps  and  tap  drills,  die  and  tap  holders,  and  thread  rolling.  No. 
105,  "Knurling  Operations  on  the  Automatic  Screw  Machine/'  describes 
the  construction  of  knurling  holders,  and  gives  directions  for  the  mak- 
ing of  knurls  and  the  design  of  tools  and  cams  used  in  connection  witli 
knurling'  operations.  No.  106,  "Milling,  Cross-drilling  and  Burring 
Operations  on  the  Automatic  Screw  Machine,"  describes  screw-slotting 
attachments,  index  drilling  attachments,  and  burring  attachments,  giv- 
ing directions  for  their  use  and  for  the  design  of  cams  for  them. 
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CHAPTER  I 


OROSS-SLIDB  KNURLING  OPERATIONS 

In  designing  a  set  of  cams  for  knurling  operations  on  the  Brown  & 
Sharpe  automatic  screw  machines,  It  is  desirable  that  as  little  experi-- 
mental  work  as  possible  be  required.  The  following  formulas  and  data 
will  prove  of  value  in  this  connection.  Before  presenting  these  data 
and  formulas,  however,  the  different  tools  and  appliances  necessary  for 
knurling  will  be  briefly  reviewed. 

A  very  soHd  and  rigid  rear  cross-slide  knurl-holder  Is  shown  in  Fig. 
1.  It  is  held  by  means  of  the  cap-screw  B  on  the  outside  face  A  of  the 
cross-slide  tool-holder.  This  screw  also  holds  the  circular  cut-off  tool  in 
position.    The  holder  allows  the  knurl  to  pass  over  the  work,  and  re- 


Fir.  1.    Bear  Oroas-slide  Knurl-holder 

turns  it  after  the  piece  has  been  cut  off.  It  is  simple  and  cheap,  and 
covers  a  wide  range  of  work,  as  the  distance  C  to  the  circular  cut-off 
tool  can  be  changed  so  that  the  work  will  be  cut  off  closer  or  further 
away  from  the  knurl,  as  desired.  The  set-screw  D  rigidly  supports  the 
knurl-holder,  and  also  provides  means  for  adjusting.  The  oil  hole  E 
permits  a  good  supply  of  oil  to  reach  the  knurl  for  removing  all  chips. 
This  holder,  however,  can  be  used  only  on  the  tool-holder  which  carries 
the  cut-off  tool,  because  the  finished  piece  must  be  severed  from  the 
bar  before  the  knurl  can  return. 

Universal  CrosB- slide  Knurl-holder 
The  knurl-holder  shown  in  Fig.  1  is  limited  in  its  range,  but  the  one 
shown  in  Fig.  2,  while  more  expensive  and  complicated,  is  also  more 
efficient  and  universal.  This  holder  eliminates  the  cross-slide  tool-post, 
and  carries  the  circular  cut-off  tool  A  in  the  same  way  as  it  would  be 
held  in  the  ordinary  tool-post.  It  can  also  be  used  in  conjunction  with 
either  circular  form  or  cut-off  tools  on  the  front  cross-slide.    The  knurl 
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can  operate  at  any  desired  position  on  the  work  by  moving  the  arm  C 
along  the  bar  D  and  then  clamping  it  by  means  of  the  cap  screw  B. 
The  holder  F  which  carries  the  knurl  can  be  moved  in  or  out  to  any 
position  to  suit  the  different  diameters  of  stock  being  knurled,  and  is 
adjusted  by  means  of  adjusting  nuts  H  and  J,  The  nut  G  Is  adjusted 
to  insure  a  good  working  fit  of  the  holder,  and  also  prevents  side  move- 
ments. When  the  knurl  passes  over  the  stock  the  nut  H  is  brought  up 
against  the  face  B  of  the  arm  C,  and  also  puts  a  tension  on  spring  K, 


,  r^^n 
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Mttch  in  crjf^S.  1'- 


Figs.  2  and  8.    Universal  Oroas-aUde  Knurl-holder 

80  that  when  the  knurl  has  passed  over  the  work  and  the  pressure  on 
the  spring  is  released,  the  spring  forces  the  nut  J  up  against  the  face 
L  and  permits  the  knurl  to  clear  the  work  when  passing  back  over  the 
stock.  The  nuts  M  permit  the  arm  C  to  be  raised  or  lowered  for  dif- 
ferent diameters  of  stock.  The  washers  are  convex,  as  shown,  so  that 
the  arm  is  held  firmly  even  when  at  an  angle  to  the  face  of  the  nuts  If. 
Screws  0  tend  to  steady  the  holder. 

In  Fig.  3  the  knurl-holder  proper  Is  shown  in  detail.  It  will  be  seen 
that  knurls  of  different  widths  may  be  used  by  making  the  distance  P 
to  suit. 
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Btraiirbt  Knurls 

Straight  knurls,  as  shown  In  Pig.  4,  are  generally  cut  in  the  milling 
machine  with  a  cutter  of  the  desired  angle.  The  greatest  difficulty  is 
met  with  in  selecting  a  suitable  angle  for  the  teeth  for  knurling  dif- 
ferent materials.  A  blunt  knurl  will  work  better  on  soft  materials 
than  one  with  a  more  acute  angle.  The  following  angles  are  satis- 
ISactory  for  the  materials  specified  below: 

Brass  and  hard  copper 90  degrees. 

Gun  screw  iron  80  degrees. 

Norway  iron  and  machine  steel 70  degrees. 

Drill  rod  and  tool  steel 60  degrees. 

When  laying  out  a  set  of  cams  for  knurling  operations,  it  is  neces- 
sary to  know  the  depth  of  the  tooth  in  the  knurl. 


Fiff.  4.    Stralfftat  Knurl 

If  (!  =  depth  of  tooth  in  knurl, 
p=  circular  pitch  of  knurl, 

P  =  "pitch  of  knurr  =  number  of  teeth  in  one  inch  of  the  cir- 
1 
cumference  =  — , 
P 
a  =  included  tooth  angle  of  knurl, 

then,  for  all  practical  purposes,  the  depth  may  be  calculated  as  follo^-s : 

When 

P 
0  =  90  degrees,  (i  =  — , 
2 

P 
a  =  80  degrees,  d  =:  —  X  tan  50  degrees, 
2 

P 
a  =  70  degrees,  d  =  —  X  tan  55  degrees, 
2 


a  =5  60  degrees,  d  =  —  X  tan  60  degrees. 
2 
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The  values  of  d  for  different  pitches  ranging  from  16  to  62  teeth  per 
inch  of  circumference  have  been  calculated  from  these  formulas  and 
are  given  in  Table  I. 

Concave  Kniirls 

The  designing  of  a  concave  knurl  which  will  work  satisfactorily  is, 
in  most  cases,  a  difficult  problem,  as  the  radius  ot  the  knurl  cannot 
have  the  same  radius  as  the  piece  to  be  knurled.  It  will  be  seen  in 
Fig.  5  that  if  the  knurl  and  the  work  are  of  the  same  radius,  the  mate- 
rial compressed  by  the  knurl  will  be  forced  dofwn  on  the  shoulder  A 

TABUB  I.    DEPTH  OF  TBBTH  IN  KNURLS 


P  =3  number  of  teeth  In  one  inch  of  circumference 

p  =  circular  pitch 

a  =  included  angle  of  tooth 

d  =  depth  of  tooth 

a  =  90» 

a  =  80«» 

o  =  7U«» 

a  =  a)o 

p 

P 

d 

d 

d 

d 

16 

0.0625 

0.0812 

0.0871 

0.0445 

0.0540 

18 

0.0555 

0.0277 

0.0880 

0.0895 

0.0480 

20 

0.0500 

0.0260 

0.0297 

0.0857 

0.0488 

22 

0.0454 

0.0227 

0.0260 

0.0824 

0.0898 

24 

0.0416 

0.0208 

0.0247 

0.0207 

0.0860 

26 

0.0884 

0.0192 

0.0228 

0.0274 

0.0882 

28 

0.0857 

0.0178 

0.0212 

0.0254 

0.0808 

80 

0.0888 

0.0166 

0.0199 

0.0287 

0.0287 

82 

0.0812 

0.0156 

0.0185 

0.0222 

0.0270 

84 

0.0294 

0.0147 

0.0175 

0.0209 

0.0254 

86 

0.0277 

0.0188 

0.0164 

0.0197 

0.0289 

88 

0.0268 

0.0181 

0.0156 

0.0187 

0.0226 

40 

0.0250 

0.0125 

0.0148 

0.0178 

0.0216 

42 

0.0288 

0.0119 

0.0142 

0,0109 

0.0206 

44 

0.0227 

0.0118 

0.0184 

0.0161 

0.0195 

46 

0.0217 

0.0108 

0.0128 

0.0154 

0.0187 

48 

0.0208 

0.0104 

0.0124 

0.0148 

0.0180 

50 

0.0200 

0.0100 

0.0119 

0.0142 

0.0178 

52 

0.0192 

0.0096 

0  0114 

0.0187 

0.0166 

54 

0.0185 

0.0092 

0.0109 

0.0181 

0.0159 

56 

0.0178 

0.0089 

0.0106 

0.0127 

0.0154 

58 

0.0172 

0.0086 

0.0102 

0.0122 

0.0148 

60 

0.0166 

0.0083 

0.0090 

0.0118 

0.0148 

62 

0.0161 

0.0080 

0.0090 

0.0114 

0.0188 

^anck  will  consequently  make  a  poor  looking  job.  The  writer,  having 
met  with  this  difficulty,  devised  an  empirical  formula  which  gives 
satisfactory  results. 

A  design  of  a  concave  knurl  is  shown  in  Fig.  6,  and  all  the  important 
dimensions  are  designated  by  letters.  To  find  these  dimensions,  the 
pitch  of  the  knurl  required  must  be  known,  and  also,  approximately, 
the  throaf  diameter  B.  This  diameter,  of  course,  must  suit  the  knurl 
holder  used,  and  be  such  that  the  circumference  contains  an  even 
number  of  teeth  with  the  required  pitch.  When  these  dimensions  have 
been  decided  upon  all  the  other  unknown  factors  can  be  found  from 
the  formulas  given  in  the  following. 
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KNURLING  OPERATIONS 

Let  Jf{  =  radius  of  piece  to  be  knurled, 
r  =  radius  of  concave  part  of  knurl, 

C  =  radius  of  cutter  or  hob  for  cutting  the  teeth  in  the  knurl, 
B  =  diameter  over  concave  part  of  knurl  (throat  diameter), 
A  =  outside  diameter  of  knurl, 
d  ==  depth  of  tooth  in  knurl, 

p  =  pitch  of  knurl  (number  of  teeth  per  inch  circumference), 
p  =  circular  pitch  of  knurl. 


TMH  OdMFN^rOk  WlU'T^^       L" 

BE  LE95.  Trii,^  Jhf.AhO     \/^  Af^fl 
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DOWN  0*4  THE  <iHQyM>ER 
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F!«.  O 
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MaoMn€nhIf.9 


Fiffs>  6  and  6.    Concave  Knurla 

Then,r  =  «  +  %  d, 
C  =  r  +  (i, 

J.  =  B  +  2r  — 3d +  0.010  inch. 
As  the  depth  of  the  tooth  is  very  slight,  the  outside  circumiference 
will  be  accurate  enough  for  all  practical  purposes  for  calculating  the 
pitch,  and  it  is  not  necessary  to  take  into  consideration  the  pitch  circle 
as  is  done  when  calculating  gears. 

Example: — Assume  that  the  pitch  of  a  knurl  is  32,  that  the  throat 
diameter  B  is  0.5561  inch,  that  the  radius  R  of  the  piece  to  be  knurled 
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is  1/16  inch,  and  that  the  angle  of  the  teeth  is  90  degrees;   find  the 
dimensions  required  for  making  the  knurl. 

Using  the  same  notation  as  above,  we  have: 

« 

1        1 
p  =  —  =:  — =  0.03125  Inch, 

P   32 
d  =  0.0156  inch  (see  Table  I), 

1   0.0156 
r  =  —  -f =  0.0703  inch, 

16     2  . 

C  =  0.0703  + 0.0156  =  0.0859  inch, 
A  =  0.5561  +  0.1406  —  0.0468  —  0.010  =  0.6399  inch. 


MacMnfrg^y,  T^ 


Flfr.  7.    Outtlmr  »  C^noave  Knurl  by  a  Hob  in  the  Milling  Maohine 

Straight  concave  knurls,  when  very  small,  are  generally  made  with  a 
master  convex  knurl.  When  the  knurls  are  large  enough,  a  milling 
cutter  with  the  proper  radius  is  used  for  cutting  the  teeth.  As  it  Is 
very  diflScult  to  make  a  concave  knurl  when  the  radius  is  very  small, 
and  as  the  knurl  in  most  cases  is  not  required  to  be  absolutely  straight, 
the  method  described  in  the  following  for  spiral  knurls  can  be  used 
for  making  straight  concave  knurls  on  the  milling  machine  with  teeth 
in  planes  practically  parallel  with  the  axis  of  the  knurl. 

Spiral  Concave  Knurls 

It  Is,  in  general,  very  difficult  to  cut  spiral  concave  knurls,  especially 
when  the  radius  of  the  knurl  is  very  small.  In  Fig.  7  is  shown  a 
method  which  has  worked  very  satisfactorily,  and  which  is  also  easily 
accompMehed.  A  hob  as  shown  in  Fig.  8  is  used,  the  included  angle 
of  the  threads  of  which  is  made  to  suit  the  material  to  be  knurled. 
The  hob  is  fiuted  similarly  to  a  master  tap,  except  that  the  flutes  are 
not  as  deep  and  a  greater  number  of  flutes  is  used.  The  lead  of  the 
hob  governs  the  angle  of  the  spiral  on  the  knurl,  and  the  angle  formed 
by  cutting  hobs  with  different  leads  can  be  derived,  approximately,  by 
means  of  the  following  formula : 
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Let  a  =  angle  required, 

B  =  one-half  the  lead  of  the  thread  of  the  hob, 
D  =  diameter  of  the  (hob.  ^ 

B 

Then  =  tan  o. 

1.5  D 

Example: — If  a  hob  has  a  double  thread,  the  lead  of  which 
inch,  and  the  diameter  of  the  hob  is  M  inch,  find  the  angle  a. 

B  =  %  of  the  lead  =  1/16,  and,  therefore,  tan  a  =  1/16  -i- 
0.1667;  o  =  9%  degrees. 


is  % 
%  = 


Cutting  a  Spiral  Concave  Knurl  in  the  Milling  Machine 

It  will  be  seen  from  Pig.  7  that  when  cutting  a  concave  knurl  in  the 
milling  machine,  the  knurl  is  held  on  an  arbor  shown  in  detail  in  Fig. 
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Pis'.  8.    Hob  used  for  Onttlnff  Concave  Knurls  In  the  Milling  Machine 
Flff.  O.    Arbor  for  Outtlnff  Ctonoave  Knurls  In  the  MlUlns  ICaohlne 

9.  This  arbor  rotates  freely  on  the  centers  C,  the  knurl  being  held 
tightly  against  the  shoulder  on  the  arbor  by  the  nut  shown.  When  the 
knurl  has  been  tightened,  the  arbor  is  put  between  the  centers  and  the 
table  of  the  milling  machine  is  raised  so  that  the  hob  com^  in  contact 
with  the  knurl.  The  machine  runs  slowly  at  the  start  so  that  the 
hob  will  not  be  forced,  but  wlU  space  the  teeth  equally.  The  s|»eed 
can  be  increased  after  the  hob  has  started  to  cut  properly.  The  hob  is 
held  in  a  chuck  provided  with  a  shank  fitting  the  socket  in  the  milling 
machine  spindle.  The  work  should  be  fed  slowly  at  first,  and  care 
should  be  taken  that  the  arbor  rotates  freely  on  the  centers,  as  other- 
wise the  knurl  will  not  follow  the  lead  of  the  hob  properly,  and  a  well- 
shaped  tooth  will  not  be  produced.  Care  should  also  be  taken  to  have 
the  diameter  of  the  concave  knurl  the  correct  size  so  that  it  will  con- 
tain an  even  number  of  teeth,  as  required  by  the  circular  pitch.  When 
the  knurl  has  been  cut,  the  corners  should  be  removed  as  shown  in  Fig. 
6;  then  no  ragged  edges  are  left  on  the  work,  as  is  the  case  if  the 
comers  are  not  removed.  The  table  of  the  milling  machine  should  not 
be  set  over  when  cutting  knurls  in  this  manner,  but  should  be  left 
straight.  ^  , 
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DesigniniT  and  Cutting  Diamond  Knurls 
The  general  methods  oif  using  diamond  knurls  are  as  follows: 

1.  When  a  knurl-hoJder,  as  shown  In  Fig.  10,  can  be  used,  a  pair  of 
spiral  knurls  are  used,  one  right-  and  one  left-hand. 

2.  When  a  cross-slide  knurl-holder,  as  shown  in  FMg.  1,  is  used,  only 
one  knurl  can  be  used,  being  cut  both  right-  and  left-hand.  A  knurl 
cut  in  this  manner  would  produce  a  female  knurl  on  the  work;  -so  if 
a  male  knurl  is  required  on  the  work,  the  first  knurl  is  used  as  a  master 
knurl  in  cutting  the  second  kjjurl  which  will  produce  a  male  knurl  on 
the  work. 
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Flff.  10.    Turret  Knurl-holder  for  Bro\im  A  Btaarpe  Automatic 
Screw  Machines 

When  only  the  pitch  of  the  knurl  required  and  the  angle  at  which 
the  teeth  are  cut,  as  indicated  in  Fig.  11,  are  known,  then  the  number 
of  teeth  in  the  knurl  must  be  found  and  also  the  spiral  lead,  as  this 
governs  the  selection  of  the  change  gears  used  when  cutting  the  knurl. 

To  Find  the  Number  of  Teeth  on  the  Circumference 
of  the  Knurl 

When  the  knurl  is  to  form  diamond  shapes,  as  shown  in  Fig.  11,  and 
the  included  angle  is  60  degrees,  the  number  of  teeth  can  be  found  in 
the  following  manner.  Let  22  be  the  normal  pitch  of  the  knurl.  Then 
the  circular  pitch  will  be  0.0455  inch  -j-  cos  30  degrees  =  0.0525  inch, 
and  the  outside  circumference  divided  by  0.0525  inch  will  be  the  number 
of  teeth  of  the  knurl. 

To  Find  the  Lecui  of  the  Spiral 

To  find  the  lead  of  a  spiral  of  the  knurl  mentioned  multiply  the 
circumference  of  the  knurl  by  the  cotangent  of  30  degrees.    Assume 
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that  the  knurl  Is  0.752  inch  in  diameter.  Then  the  circumference 
equals  0.752  X  3.1416  =  2.3625  inches.  The  knurl  has  a  circular  pitch 
of  0.0525  inch,  and  the  number  of  teeth  therefore  equals  2.3625  -i-  0.0525 
=  45  teeth.    The  lead  equals  2.3625  X  cot  30  degrees  =  4.09  inches. 

Speeds  and  Feeds  for  Kn\irlinir 

When  the  knurl  has  been  designed,  the  next  thing  to  consider,  before 
laying  out  the  cams,  is  the  speed  and  feed  for  knurling.  This  is  a 
subject  upon  which  very  little  has  ever  been  published.  As  a  general 
rule,  a  knurl  can  be  worked  at  the  same  speed  as  the  circular  form 
and  cut-off  tools.  It  is  good  practice  to  feed  the  knurl  gradually  to 
the  center  of  the  work,  starting  to  feed  where  the  knurl  touches  the 


FUr.  11.    Dlasrram  for  Finding  Olroular  Pitch  and  Lead  of  Spiral  Knurls 
Fig.  12.    Dlasrram  for  Calculations  Relating  to  the  Feeds  of  Knurls 

work  as  is  shown  by  the  distance  c  in  Fig.  12,  and  then  to  pass  off  the 
center  of  the  work  with  a  quick  rise  on  the  cam.  The  knurl  should 
also  dwell  for  a  certain  number  of  revolutions,  depending  on  its  pitch, 
and  the  nature  of  the  material  being  worked  upon.  Some  advocate  the 
knurl  being  brought  into  position  on  the  center  of  the  work  on  the 
quick  rise  of  the  cam,  and  then  being  allowed  to  dwell  for  a  certain 
number  of  revolutions;  but  the  writer  has  found  that  this  does  not 
work  satisfactorily,  and  cannot  be  depended  upon.  It  might  work 
when  using  a  knurl  which  has  a  very  fine  pitch,  on  'large  stock,  but 
under  general  conditions  it  will  be  found  that  gradually  feeding  the 
knurl  to  the  center  of  the  work  will  work  better. 

The  feed  required  for  a  knurl  is  governed  by  the  nature  of  the  mate- 
rial being  knurled,  the  diameter  of  the  material,  and  the  width  and 
pitch  of  the  knurl. 

The  surest  and  most  practical  way  to  find  the  feed  required  for  a 
knurl  on  a  certain  kind  of  material  is  by  experimenting.  The  writer 
has  collected  the  results  of  different  experiments  and  compiled  them  in 
Table   II.     This  table  covers   practically  all   the   different   materials 
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specified  in  this  article,  as  the  angle  of  the  teeth  in  the  knurls  varies  in 
accordance  with  the  hardness  cf  the  material  on  which  the  knurl  is 
used.  In  that  case  the  feeds  given  In  the  table  will  be  practically  the 
same  fj^  all  the  materials  previously  specified.  These  feeds  are  only 
applicable  when  knurling  from  the  cross-slide. 


TABIJB 

n.    FBBD8  FOR 

KNUBUMO 

Diam. 

of 
Stock, 
Inches 

Width  of  Knarl,  Inches                                        1 

A 

i 

A 

i 

A 

1 

iV 

» 

Feed  per  Revolution,  Inches                                    1 

t 

i 

j 

0.0010 
0.0014 
0.0018 
0.0022 
0.0026 
0.0080 
0.0084 
0.0089 
0.0042 
0.0046 
0.0050 
0.0054 
0.0059 
0.0062 
0.0068 
0.0070 

0.0005 
0.0009 
0.0012 
0.0016 
0.0020 
0.0025 
0.0029 
0.0082 
0.0086 
0.0040 
0.0045 
0.0049 
0.0052 
0.0058 
0.0062 
0.0065 

0.0006 
0.0010 
0.0014 
0.0018 
0.0022 
0.0026 
0.0080 
0.0084 
0.0088 
0.0042 
0.0048 
0.0052 
0.0055 
0.0058 
0.0060 

0.0005 
0.0010 
0.0018 
0.0017 
0.0021 
0.0025 
0.0029 
0.0088 
0.0087 
0.0041 
0.d045 
0.0049 
0.0052 
0.0065 

0.0006 
0.0010 
0.0015 
0.0018 
0.0022 
0.0028 
0.0081 
0.0084 
0.0088 
0.0042 
0.0046 
0.0048 
0.0050 

0.0005 
0.0010 
0.0015 
0.0020 
0.0024 
0.0028 
0.0081 
0.0084 
0.0087 
0.0040 
0.0042 
0.0045 

0.0005 
0.0010 
0.0014 
0.0017 
0.0020 
0.0028 
0.0026 
0.0029 
0.0088 
0.0037 
0.0040 

0.0005 
0.0008 
0.0012 
0.0016 
0.0020 
0.0028 
0.0026 
0.0029 
0.0083 
0.0085 

Under  these  conditions  the  depth  of  the  tooth  and  the  feed  per  revo- 
lution will  govern  the  number  of  revolutions  required  to  knurl.  If  in 
Fig.  12,  R  is  the  radius  of  the  stock,  d  is  the  depth  of  the  tooth,  c  Is 
the  distance  the  knurl  travels  at  a  given  feed  per  revolution,  and  * 
equals  R  —  d,  then  c  =  \/  R^—iR  —  dV, 


32  PITCH  MALE  DIAMOND  KNURL, 
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PIECE  TO  BE  MADE 
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Pis'.  18.    Thumb-sorew  to  be  Knurled 

Let  R  =  0.125  inch  and  d  =  0.0164  inch;   then  h  =  0.1086  inch. 
Therefore  c  =  |/  0.125=  --  0.1086'  =  0.062  inch  =  rise  required. 

Revolutions  Required  to  Knurl 
Assume  that  it  is  required  to  find  the  number  of  revolutions  to  knurl 
a  piece  of  gun  screw  iron,  %  inch  in  diameter,  with  a  knurl  %  inch 
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,  Total  Rise  on  Cam 

It  is  required  to  find  the  total  rise  on  the  cam  to  complete  the  knurl- 
ing, and  also  to  cut  the  finished  piece  from  the  bar.  The  total  rise  can 
be  found  by  means  of  the  following  formulas,  derived  by  the  aid  of  the 
diagram  in  Fig.  15.  This  shows  the  knurl  in  position  on  the  center  of 
the  work,  and  the  circular  cut-off  tool  is  also  shown  in  its  relative  posi- 
tion to  the  work  and  the  knurl. 


Flff.  14.    OlronlAT  Forming  and  Ont-off  Tools  for  M>lr1ng  Thumb  aorsw 
shown  in  Fiff.  18 

Let  T  =  total  rise  on  the  cam, 
^  =  ri8e  required  to  knurl, 
B  =  radius  of  stock  to  be  cut  off, 

A  =  distance  of  bevel  on  cut-off  tool  as  given  in  Table  III. 
<7  =  total  rise  required  to  cut-off  =  flf  -f-  0.010  inch  (to  approach)  -h 
0.005  inch  (to  pass  center  of  stock)  +  ^% 
jE?  =  distance  from  center  of  circular  tool  to  edge  as  shown,  when 

tool  is  cut  down  below  the  center, 
o  =  radius  of  knurl  to  outside  diameter, 
h  =  radius  of  stock  minus  depth  of  tooth  in  knurl, 
c  =  distance  from  cutting  face  to  center  of  circular  tool, 
;t  =  a  +  6  +  c, 

X  =  distance  from  center  of  cut-off  tool  to  center  of  knurl,  when 
it  is  in  position  on  the  center  of  the  stock. 
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ij  =  radius  cf  stock, 

r  =  radius  of  knurl,  ♦ 

-Bi  =  radius  of  cut-off  tool, 
R2  =  radius  of  knurl  holder  shown  in  Fig.  1, 
F  =  distance  between  the*  knurling  and  cut-off  operations.    Then 

N=\/  R*^  (R-'dy  (See  Fig.  12). 

F  =  X  —  (8  -f-  E);  T  =  N  -\-  F  +  C, 

For  example,  let  it  be  required  to  design  a  set  of  cams  to  make  the 

thumb-screw  shown  In  Pig.  13,  the  material  being  %-inch  round  brass 

.rod,  and  on  which  ds  cut  a  32-pitch  knurl.    For  the  knurling  operation 

we  will  use  a  cross-slide  knurl-holder,  as  shown  in  Fig.  1.    R  is  0.1875 


-44^ 


KNURL  IN  POSITION 
ON  CENTER  OF  WORK> 


WORK'       I  /  ^Z^ 

♦-of -J 


Fl0.  16.    DlaffTam  for  Finding  Total  Rise  of  Oam  for  Knnrlinff  Opacmtlon 

inch,  r  is  0.375  inch,  Rj^  is  1.125  inch,  R^  is  1.625  inch;  d  is  0.0156  inch, 
angle  on  cut-off  tool  is  23  degrees,  and  the  width  of  the  cut-off  tool  is 
0.060  inch;  then,  referring  to  Table  III,  A  is  0.0254  inch.  The  cut  down 
below  the  center  on  the  circular  tool  c  is  5/32  inch.  Then,  a  =  0.375; 
b  =  0.1875  —  0.0156  =  0.1719;  c  =    0.1562;  h  =  0.7031. 


E  =  |/ ( 1.125'  — 0.1562»)  =  1.114, 

X  =  y  ( 1.625'  —  0.7031^)  =  1.465, 

N  =  |/I):i875'"^=n[0:i875  —  6.OI66) » =  0.075, 

8  =  0.1562  inch,  which  is  the  radius  of  the  shoulder  left  by  the  circu- 
lar form-tool, 

C  =  0.1562  -f  0.010  -f  0.005  -f  0.0254  =  0.1966, 

F  =  1.465  —  (0.1562  -f  1.114)  =  0.1948, 

r  =  0.075  -f  0.1948  -f  0.1966  =  0.4664  inch,  which  is  the  total  rise 
required  on  the  camf  for  the  knurling  and  the  cut-off  opera- 
tions. 

Having  determined  the  total  rise  required  on  the  cam,  we  will  con- 
sider briefly  the  other  operations.    The  order  of  the  various  operations 
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Is  given  in  the  layout  chart  on  page  20,  and  the  position  and  type  of 
tools  used  in  the  turret  are  shown  in  Pig.  16.  As  all  the  various  opera- 
tions are  shown  plainly  on  the  chart  very  little  explanation  will  be  re- 
quired. 

Before  starting  to  design  the  cams,  the  drawings  of  the  tools  suitable 
for  performing  the  various  operations  are  collected,  using  standard 
tools  as  much  as  possible.  Then,  after  selecting  the  various  tools,  a 
lay-out  of  the  circular  form  and  cut-ofT  tools,  as  shown  at  F^.  14,  is 
made.  After  having  drawn  the  circular  tools,  and  also  laid  out  the 
turret  operations  as  shown  in  Fig.  16,  the  order  of  the  various  opera- 


JCcMA<Rcry,JV;r. 


FUr.  10.    Amuur«ment  of  Tools  in  the  Turret 

tions  is  considered.  Referring  to  the  pflan  of  operations  shown  in  the 
chart,  the  work  proceeds  In  the  following  order:  Feed  stock  to  stop 
and  chuck,  revolve  turret,  and  rough  turn  with  the  hollow  mill  shown 
in  Fig.  16;  while  the  hollow  mill  is  turning  down  the  work,  the  circular 
form  tool  is  brought  in  and  forms  the  head;  the  fonn  tool  retreats  so 
that  it  will  clear  the  face  of  the  hollow  mill;  then  the  turret  Is  re- 
volved and  the  findshing  box-tool  turns  down  the  portion  which  is  to 
be  threaded.  Now  the  turret  is  revolved  and  the  die-holder  is  brought 
into  position,  and  the  work  is  threaded.  By  referring  to  Pig.  20.  it  will 
be  seen  that  the  highest  portion  of  the  lobe  for  the  die  is  cut  down 
equal  to  two  threads,  or  0.0554;  this  allows  the  die  holder  to  draw  out, 
and  the  spindle  reverses  on  the  tension  of  the  spring  (when  a  draw 
die-holder  Is  used),  which  makes  the  die  work  easier,  and  does  not 
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crowd  it  on  the  work.  After  the  die  comes  off  the  work,  clearance  is 
allowed  between  the  knurling  tool  and  the  die  holder,  which  should  be 
ample  so  that  the  tools  will  not  come  in  contact  with  each  other.  Then 
the  knurl  travels  onto  the  work,  and  dwells  for  0.01  of  the  circum- 
ference (which  in  this  case  is  equal  to  4.2  revolutions  of  the  fq;>indle), 
when  on  the  center  of  the  work.  It  ^Is  then  forced  off  the  work  by 
the  rise  shown  in  Fig.  20,  on  the  back  cam.  The  circular  form  tool 
is  now  brought  in  again  and  removes  the  burr  thrown  up  by  the  knurl; 
the  form  tool  is  cut  away  to  clear  the  knurl.  Finally,  the  back  cross- 
slide  travels  in,  and  the  circular  cut-off  tool  shown  in  Fig.  14  starts 
to  cut  off  the  piece,  but  while  the  piece  is  being  cut  off,  the  pointing 
tool  shown  in  Fig.  16  is  brought  in  and  removes  the  burr  that  has  been 


FUr*  l'^'    Machine  set  up  and  ready  for  Malrtng  Thxunb-nuts 

thrown  up  by  the  die  on  the  end  of  the  screw;  the  piece  is  then  sev- 
ered from  the  bar,  and  clearance  is  allowed  to  let  the  cut-off  tool  return 
before  the  stock  is  fed  out  again. 

Cuttingr  the  Cams 

After  the  cam  blanks  have  been  laid  out,  they  are  roughed  out  by  drill- 
ing a  series  of  holes  about  1/8  inch  or  3/16  inch  away  from  the  finish- 
ing line  or  by  punching,  which  is  performed  on  an  ordinary  punch- 
press.  Then  the  cam  is  put  onto  a  circular  milling  attachment.  A 
vertical  milling  attachment  is  used  in  connection  with  the  circular 
attachment,  and  a  mill  of  the  required  diameter,  which  depends  on  the 
size  of  the  roll  on  the  automatic  screw  machine,  is  used  for  cutting 
the  cam.  The  circular  attachment  is  graduated  in  degrees  and  minutes, 
and  it  is,  therefore,  necessary  to  find  the  number  of  minutes  in  the 
number  of  hundredths  on  the  lobe  of  the  cam  to  be  milled. 

The  surface  of  the  cam  is  divided  into  one  hundred  equal  parts,  and 
since  there  are  360  degrees  in  a  circle,  one-hundredth  equals  3.6  de- 
CTees,  or  3.6  x  60  =  216  minutes. 
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To  find  the  number  of  minutes  which  is  equal  to  0.001  inch  rise, 
divide  the  total  number  of  minujtes  contained  in  the  lobe  by  the  total 
number  of  thousandths  rise.  When  cutting  the  cam,  the  platen  of  the 
milling  machine  Is  moved  till  the  cutter  comes  in  contact  with  the 
edge  or  face  of  the  cam;  then  the  cutter  is  fed  in  0.001  inch,  and  the 
circular  attachment  is  turned  the  required  number  of  minutes,  which 
l3  equal  to  0.001  inch  rise.  The  milling  operation  is  continued  in  this 
way  until  the  lobe  is  completed.    Milling  the  cam  in  this  manner  leaves 
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FliT*  18.    A  Oolleotion  of  Knur  la  of  Different  Typea 

a  series  of  little  steps,  or  rises,  which  can  be  removed  with  a  file,  and 
in  this  way  a  true  surface  is  obtained. 

In  the  half  tone.  Fig.  17,  are  shown,  in  position,  the  tools  used  in  making 
a  knurled  thumb  nut.  The  cross-slide  knurling  tool  illustrated  in  Fig. 
1  is  shown  at  B  in  <position  on  the  back  cross-slide.  In  Fig  18  is  shown 
a  variety  of  knurls;  at  B  is  shown  a  concave  knurl  made  by  the  method 
illustrated  in  Fig.  7,  and  at  C  is  shown  a  pair  of  Imurls  which  will 
produce  a  diamond  knurl  as  shown  in  Fig.  11,  when  they  are  used  in 
tho  knurl-holder  shown  in  Fig.  10. 
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TURRET  KNURLING  OPERATIONS 


The  previous  chapter  deals  particularly  with  cross^lide  knurling 
operations,  while  the  present  takes  up  knurling  from  the  turret, 
and  special  knurling  operations.  An  adjustable  knurl-holder  for 
turret  knurling  is  shown  In  Pig.  19.  This  holder  can  be  used 
for  either  spiral  or  straight  knurling,  as  the  knurl-holders  A  can  be 
Bwiveled  to  any  angle.  The  Illustration  shows  the  holders  set  with 
the  zero  mark  opposite  30  degrees,  in  which  position  the  knurls  would 
produce  a  diamond  knurl,  as  shown  on  the  piece  A  in  Fig.  21.     The 
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Flff.  19.    Brown  A  Sbarpe  Adjustable  Turret  Knurl-bolder 

knurl-holders  A  are  held  in  the  lugs  B  by  collar  nuts  C  which  are 
screwed  onto  the  threaded  shank  of  the  holders.  Lugs  B  are  graduated 
at  5-degree  intervals,  so  that  the  knurls  can  be  easily  set  to  the  desired 
angle.  These  lugs  project  into  the  body  of  the  holder  and  fit  in  beveled 
slots  cut  to  receive  them.  The  lugs  are  adjusted  in  and  out  by  means 
of  collar-he^d  screws  D,  only  one  of  which  is  shown  in  the  illustration. 
These  collar-head  screws  are  locked  by  means  of  small  brass  shoes, 
operated  on  by  the  headless  screws  E, 

This  knurl-holder  can  also  be  provided  with  bushings  which  fit  in 
the  hole  F  for  holding  centering  tools  or  other  internal  cutting  tools, 
00  that  other  operations  can  be  performed  at  the  same  time  as  the 
knurling  operation.  The  cutting  tools  are  held  in  position  in  the  bush' 
ing  by  means  of  the  set-screw  Q.  The  chief  advantage  of  this  knurl- 
holder  is  that  straight  knurls  can  be  used  for  spiral  as  well  as  for 
straight  knurling.     This  is  an  important  feature,  as  straight  knurls 
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are  more  easily  and  quickly  cut  than  spiral  knurls,  and  also  produce 
better  results. 

OpeninfiT  Knurl-holder 

The  range  of  the  knurl-holder  shown  in  Fig.  19  is  somewhat  limited, 
in  that  it  is  impossible  to  knurl  work  a  distance  away  from  the  end, 
when  the  diameter  to  be  knurled  is  smaller  than  or  of  the  same  size 
as  the  part  preceding  it.  For  this  class  of  work  it  is  necessary  to  bring 
the  knurl-holder  onto  the  work,  and  then  force  the  knurls  in  to  the 
depth  required  so  that  the  work  can  be  knurled  in  any  desired 
position  without  passing  over  the  whole  surface.  A  knurl-holder 
which  can  be  used  for  this  class  of  work  is  shown  in  Fig.  22.  This 
type  is  used  especially  for  work  similar  to  that  shown  at  B  and  C  in 


Figr.  21.    Samples  of  Knnrled  Work 

Fig.  21,  where,  as  can  be  seen,  the  knurled  portions  a  are  practically 
in  the  center  of  the  work. 

The  knurl-holder  shown  in  Fig.  22  is  made  on  the  "swing"  principle, 
and  consists  mainly  of  two  swinging  members  A,  in  which  the  knurl- 
holders  B  are  held  by  set-screws  C.  Rectangular  holes  are  proviJed 
in  the  swinging  members  A,  into  which  these  knurl-holders  B  fit.  As 
these  two  swinging  members  have  to  work  together,  it  is  necessary  to 
connect  them.  This  is  accomplished,  as  shown  in  the  illustration,  by 
two  connecting  links  D,  attached  to  a  stud  E  held  in  the  main  body 
of  the  holder  F  by  the  nut  Q  which  is  screwed  onto  the  shank  of  the 
stud. 

In  operation,  the  rising  block,  held  on  the  cross-slide,  presses  against 
the  point  a  of  the  screw  H,  and  forces  the  right  swinging  member  A 
in  the  direction  of  the  arrow.  This  revolves  the  stud  E  in  the  direction 
of  the  arrow,  which  action,  in  turn,  draws  in  the  left  swinging  arm. 
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These  members  are  held  apart  by  coil  spring  I  pressing  against  tWo 
spring  .plungers  J,  which.  In  turn,  press  against  two  pins  K  held  in 
the  swinging  members.  These  pins  K  project  into  the  main  body  of 
the  holder,  and  are  stopped  by  means  of  two  headless  screws  L,  which 
are  tapped  into  the  holder.  The  swinging  members  A  are,  as  plainly 
shown,  attached  to  the  main  body  of  the  holder  in  the  same  manner  as 


FiflT.  22.    Brown  &  Sharpe  Opening*  Knurl-holder 

^n  ordinary  swing  tool.  The  knurl-holders  in  this  case,  however,  can- 
not be  set  to  any  desired  angle,  but  are  held  rigidly,  so  to  speak,  in  the 
swinging  members.  The  forward  ends  of  these  holders  are  offset  so 
that  a  straight  knurl  is  held  at  an  angle  of  30  degrees  with  the  axis 
of  the  holder  for  producing  diamond  knurling.  However,  the  knurl- 
holder  proper  can  be  used  for  straight  knurling  or  other  knurling  from 


Fiff.  28.    Nnmberlnir  Tool  of  the  Swing  Type 

the  turret,  by  supplying  it  with  knurl-holders  B  of  the  desired  shape  to 
suit  conditions. 

This  knurl-holder  is  provided  with  a  etoj?  3f,  similar  in  shape  to  an 
ordinary  fillister-head  screw,  which  is  tapped  into  the  shank  of  the 
holder.  The  screw  is  flattened  on  the  end  projecting  from  the  holder, 
80  that  a  wrench  can  be  used  for  adjusting  it,  the  nut  N,  of  course, 
being  used  for  locking  when  the  stop  is  set  in  the  desired  position. 
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The  advantage  of  this  stop  is  that  when  all  the  holes  in  the  turret 
are  full  and  it  is  necessary  to  feed  the  stock  out  again,  the  holder  will 
act  as  a  stop  when  the  stock  is  fed  out  into  it.  The  rise  on  the  lead 
cam  is,  of  course,  used  to  govern  the  position  of  the  knurls  on  the 
work. 

NumberinfiT  Tool 

In  BHg.  23  is  shown  a  swinging  knurl-holder  which  was  used   for 
rolling  figures  in  a  wheel  for  a  cash  register.    The  method  of  rolling 


Fiff.  24.    Knnrl-bolder  for  Ooncave  and  Oonvex  Knnrllnff 

the  figures  on  the  wheels  is  interesting.  The  knurl  A  and  the  number- 
ing wheel  B  are  made  separately,  and  are  screwed  onto  a  sleeve  C 
which,  in  turn,  is  held  on  a  pin  D.  This  pin  is  driven  into  the  swingrlng 
member  of  the  holder,  and  is  held  by  a  headless  screw  E. 

The  diameter  of  the  knurl  A  is  slightly  larger  than  the  diameter, 
over  the  figures,  of  the  numbering  wheel,  so  that  the  knurl  comes  in 
contact  with  the  work  first.  The  object  of  this  is  to  provide  a  drive 
for  the  numbering  wheel,  so  that  it  will  not  slip  and  "chew  up"  the 
figures  which  are  being  rolled  in  the  work.     The  knurled  portion  is 
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removed,  after  the  letters  have  been  rolled,  by  a  circular  form  tool 
operated  from  the  cross-slide,  which  operation  leaTes  the  work  in  the 
condition  shown  at  D  in  Fig.  21.  This  idea  of  using  a  knurl  to  drive 
the  numbering  tool  is  worth  noting,  as  the  same  principle  could  be  used 
in  a  number  of  cases  for  performing  work  of  similar  character.. 

Knurl-holder  for  Concave  and  Convex  Knurlinsr 
At  E  in  Fig.  21  is  shown  an  acorn  nut,  a  portion  of  which  is  knurled 
as  indicated.  This  operation  would  be  difficult  to  perform  with  a  cross- 
slide  knurl-holder,  owing  to  the  fact  that  the  knurl  could  not  be  brought 
in  straight — that  is,  having  its  axis  parallel  to  the  axis  of  the  spindle — 
as  the  knurl  would  have  a  tendency  to  glide  off.  This,  however,  was 
accomplished  by  knurling  from  the  turret  with  a  knurl-holder  operated 
by  a  rising  block  held  on  the  cross-slide. 

The  knurl-holder  for  performing  this  operation,  and  the  knurl  used, 
are  shown  in  Fig.  24.    This  knurl-holder  is  of  ^the  swing  type,  and  is 
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Plff.  S6.    Be^el  Knurl-holder  vised  In  the  Torret 

offset  as  shown.  The  manner  of  holding  the  swinging  member  is  that 
commonly  used  and  needs  no  description.  The  angle  to  which  the 
knurl-holder  is  offset  is  such  that  the  knurl  can  be  held  with  its  axis 
parallel  to  the  face  of  the  work  to  be  knurled.  The  face  of  the  work 
in  this  case,  however,  is  convex,  so  that  the  axis  of  the  knurl,  is  held 
parallel  to  an  imaginary  line.  Joining  the  smallest  and  largest  diam- 
eters of  the  knurled  portion.  Forcing  this  knurl-holder  in  at  an  angle, 
makes  it  necessary  to  provide  a  roller  on  the  swinging  member,  so  that 
the  pressure  can  be  directed  in  a  straight  line  and  still  deflect  the 
swinging  member  to  the  required  angle  without  cramping.  The  knurl 
A  is  held  on  a  pin  B  driven  into  the  swinging  member  of  the  holder, 
and  a  rectangular  hole  C  is  cut  in  the  swinging  member  into  which 
tho  knurl  fits. 

Holders  for  Bevel  Knurlinsr 

At  F  in  Fig.  21  is  shown  a  piece  which  is  beveled  and  knurled,  and 
in  Fig.  25  is  shown  the  knurl  and  holder  which  were  used  to  perform 
the  knurling  operation.  The  holder  is  of  simple  design  and  will  not 
need  further  explanation.  The  knurl  is  held,  as  shown,  at  the  desired 
angle  with  the  work,  on  a  pin  driven  into  the  knurl-holder.  This 
simple  knurl-holder  performed  the  operation  successfully. 

At  O  in  Fig.  21  is  shown  a  piece  somewhat  similar  to  that  at  F,  but 
it  is  smaller  in  diameter,  and  the  included  angle  of  the  tapered  por- 
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tion  is  lees.  This  piece  was  not  knurled  from  the  turret,  however,  but 
was  operated  on  by  a  cross-slide  knurl-holder  of  the  type  shown  in 
Fig.  .26.  The  body  A  of  this  holder  is  cylindrical  in  shape,  while  the 
shank  B  is  of  rectangular  section,  and  is  held  in  the  cross-slide  holder 
used  for  holding  straight  forming  tools.  This  holder  can  be  furnished 
for  the  Brown  &  Sharpe  automatic  screw  machine  when  so  desired. 
The  knurl  C  is  made  with  a  shank,  which  passes  into  the  body  of  the 
holder  A  and  is  held  in  the  holder  by  a  pointed  set-screw  D  fitting 
.in  an  annular  groove  cut  in  the  shank  of  the  knurl.     As  the  thrust 

exerted  on  the  knurl  when  in  opera- 
tion is  considerable,  it  is  necessary  to 
provide  this  knurl-holder  with  roller 
bearings  to  reduce  the  friction.  Two 
steel  washers  E  act  as  retainers  for 
the  ball  bearings  F,  and  an  additional 
bronze  washer  Q  is  provided  to  separ- 
rate  the  body  of  the  holder  from  the 
tool-steel  retainers.  These  retainers 
E  are  hardened,  as  is  also  the  knurl  C 

Turret  Knurl-holder  for 
End  Knurling- 

It  is  sometimes  necessary,  when 
using  special  turret  tools,  espe- 
cially those  of  the  generating  type, 
to  knurl  the  end  of  the  work  so  that 
the  tool  in  the  turret  can  be  kept 
in  step  with  the  work.  The  knurl- 
holder,  and  knurl  for  performing 
this  class  of  work  are  shown  in 
Fig.  27. 

The  knurl  A  is  held  in  the  holder  at  an  angle  with  the  horizontal 
center  line.  The  angle  a  at  which  the  knurl  is  held  should  be  from 
15  to  30  degrees;  about  20  degrees,  however,  is  ordinarily  used.  The 
shank  of  the  knurl  A  passes  into  the  body  of  the  holder  and  fits  in  a 
bronze  sleeve  J5,  the  sleeve  being  driven  into  the  holder.  An  oil 
groove  is  cut  in  this  sleeve  to  supply  oil  to  the  shank  of  the  knurl.  A 
hardened  steel  washer  C  and  a  bronze  washer  D  are  also  provided  to 
reduce  the  friction.  The  knurl  is  held  up  against  these  washers  C  and 
D  by  a  collar  E,  which  is  fastened  to  the  shank  of  the  knurl  with  a 
pin  F. 

This  type  of  knurl-holder  is  also  used   for  assembling  operations. 

The  piece  to  be  assembled  on  the  work  in  the  chuck  is  put  in  place, 

and  the  knurl-holder  is  brought  in,  upsetting  the  end  so  that  the  part 

'assembled  cannot  be  taken  off.     A  hole  is  usually  drilled  in  the  end 

of  the  knurl,  as  shown,  to  facilitate  the  cutting  of  the  teeth. 

LaylnfiT  out  Cams  for  Turret  Knurlinfir  Operations 
Knurling  from  the  turret  differs  from  knurling  from  the  cross-slide, 
in  that  the  turret  knurl-holder  cannot  be  taken  off  the  work  on  the 


Flff.  S6.    Bevel  Knurl-holder  used 
on  the  Oroee-slide 
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quick  drop  of  the  cam.  If  this  were  done,  the  knurls  would  "chew  up" 
the  knurling  which  has  been  made  on  the  forward  travel  of  the  knurls. 
The  method  of  laying  out  the  rise  on  the  lead  cam  for  knurling  from 
the  turret  is  shown  in  Fig.  2S.  This  is  the  lay-out  of  a  set  of  cams 
for  making  a  Brown  &  Sharpe  micrometer  sleeve,  shown  at  A  in  Fig. 
21.  The  other  machining  operations  on  this  sleeve,  however,  are  not 
within  the  scope  of  this  article,  so  we  will  turn  our  attention  to  the 
lobe  which  performs  the  knurling  operation.  This  lobe  is  shown  at  A 
on  the  lead  cam.  It  will  be  noted  that  the  part  of  the  tobe  for  the 
forward  travel  of  the  knurls  covers  a  greater  number  of  hundredths 
of  the  cam  surface  than  does  the  part  of  the  lobe  used  for  backing 
the  knurls  off  the  work.  As  a  rule,  the  part  of  the  lobe  used  in  back- 
ing the  knurl  off  the  work  should  contain  about  half  the  number  of 
hundredths  used  for  feeding  the  knurl  onto  the  work,  or,  in  other  words. 


Plff.  87.    Turret  Knnrl-holdar  for  Bxid  Knorllnff 

the  feed  used  for  backihg-off  should  be  about  twice  that  used  for  feed- 
ing on. 

Desiffninff  and  Outtinsr  Bevel  and  End  Knurls 

The  making  of  bevel  knurls  differs  from  the  making  of  bevel  gears 
only  in  that  the  pitch  circle  of  the  knurl  is  not  taken  into  considera- 
tion. 

In  Fig.  29  is  shown  the  ordinary  method  of  designing  a  bevel  knurL 
Angle  a,  of  course,  is  made  to  conform  to  the  face  angle  on  the  work. 
The  face  angle  /3  on  the  knurl  can  be  found  by  the  following  formula: 

d 
First  find  tan  17,  which  is  equal  to  —  (d  =  depth  of  tooth,  and  A  = 

A 
length  of  face  cone  radius  of  knurl).    The  diameter  of  the  knurl,  D,  is 
made  to  suit  the  requirements. 

Then 

j8  =  a  +  1; 

The  included  angles  of  the  teeth  for  the  knurls  used  in  knurling 
different  materials  were  given  in  the  previous  chapter,  together  with  a. 
table  giving  the  depth  of  teeth  for  various  included  angles. 

In  Fig.  30  is  shown  a  method  of  designing  an  end  knurl.  The  botp 
tom  of  the  tooth  in  the  knurl  should  be  at  right  angles  to  the  center 
line  of  the  spindle  when  the  knurl  is  held  in  the  position  shown,  so 
that  the  face  of  the  teeth  on  the  knurl  projects  past  the  perpendicular, 
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thus  forming  the  teeth  In  the  work  deeper  at  the  outer  circumference 
than  ac  the  center.  In  cutting  the  knurl,  when  the  angle  e  at  which 
the  knurl  is  held  in  the  holder  is  known,  the  setting  of  the  knurl  in  the 
milling  machine  is,  of  course  a  simple  problem.    The  face  angle  of  the 
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Viu,  28.    Ctauns  for  If akinff  Brown  A  Sharpe  Micrometer  Bleere,  ahowlnff 
Method  of  Layinff  out  Lobe  for  Turret  Knurlii^r 

knurl  has  to  he  found,  however,  before  the  knurl  can  be  made.    This 
angle  can  be  found  by  the  aid  of  the  following  formulas,  in  which 
0  =  angle  of  inclination  of  axis  of  knurl, 
5  =  angle  of  bottom  of  tooth  with  axis  of  knurl, 
7  =  tooth  angle, 
0  =  face  angle  of  knurl, 

/e  =  radius  of  knurl,  made  to  suit  requirements, 
/Ji  =  distance  from  vertex  to  circumference  at  bottom  of  tooth, 
/j,  =  distance  from  vertex  to  circumference  at  face  of  tooth, 
dj  =  depth  of  tooth. 

«  =  90  degrees  —  0 

R 

R,  = 

cos^ 
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R^=:  R^  —    {dr    X    tan   0) 

tan  7  = 

0  ==  d  —  7 
For  example,  assume  that  it  is  required  to  design  an  end  luiurl  witli 
the  following  data: 
Angle  ^  =  20  degrees  , 
Depth  of  tooth,  dj  =  0.027  inch, 
Radius  of  knurl,  R  =  0.375  inch. 

Then 

0.375  0.375 

i?i=: = =  0.399  inch. 

cos  20  deg.         0.9397 


Flff.  SO.    Method  of  Finding  the  Oattlsff 
Aiiffle  of  Bevel  Knurla 


Fiff.  80.    Method  of  Finding  the 
Face  Anffle  of  Bnd  Knarls 


i?,  =  0.399  —  (0.027  X  tan  20  deg.)  =  0.399  —  0.0098  =  0.389  in. 

5  =  90  deg.  —  20  deg.  =  70  deg. 

0.027 

tan  7  = =  0.0694,  the  tangent  of  3  deg.  58  min. 

0.389 

0  =  20  deg.  —  3  deg:  58  min.  =  16  deg.  2  min. 

For  some  classes  of  work  It  may  be  necessary  to  have  the  diameter  of 
the  knurl  tapering,  eo  that  the  circumference  is  at  an  angle  of  90  de- 
grees or  less  to  the  face  of  the  knurl.  This,  however,  decreases  the 
strength  of  the  teeth  at  the  circumference,  and  promotes  chipping  of 
the  teeth. 

Rise  on  Lead  and  Cross- slide  Cams  for  Turret  Knurlinsr 

Knurling  operations  performed  from  the  turret  can  be  divided  into 
five  distinct  groups  as  follows: 

1.  Spiral  or  diamond  knurling,  when  the  knurl-holder  is  operated 
on  entirely  by  the  lead  cam. 
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2.  Spiral  or  diamond  knurling,  when  the  knurl  is  operated  on  by 
both  the  lead  and  croes-slide  cams. 

3.  Bevel  knurling,  when  the  knurl  is  operated  entirely  from  the 
turret. 

4.  Bevel  knurling,  when  the  knurl  is  operated  on  by  both  the  lead 
and  cross-slide. cams. 

5.  End  knurling,  when  the  knurl  is  operated  on  entirely  from  the 
turret. 

The  rise  on  the  cam  for  knurling  from  the  turret,  subject  to  the 
conditions  above  stated,  can  be  found  by  referring  to  Fig.  31.  At  ± 
is  shown  the  diagram  for  spiral  or  straight  knurling  when  the  knurl 


^FULCRUM  OF 
'  KNURL-  HOLDER 


j  POINT  OF  APPUCATKM 
OF  RMINQ  BLOCK 


\S.Y. 


Flff.  81. 


DiAffraixis  for  Fizullnflr  Rise  on  Lead  and  OikMW-sllde 
Oams  for  Turret  Knurling' 


is  operated  on  entirely  from  the  turret.  The  rise  on  the  lead  cam  for 
this  operation  would  be  &  -f  a.  The  value  a  takes  into  consideration 
the  bevel  on  the  knurl,  which  is  necessary  to  prevent  the  corners  from 
chipping. 

For  spiral  or  straight  knurling  when  the  knurl  is  operated  on  by 
both  the  turret  and  cross-slide  cams,  the  diagrams  shown  at  B  and  C 
are  used.  Here  the  lead  cam  brings  the  knurls  onto  the  work  into  the 
position  shown,  by  the  quick-rise  of  the  cam.  A  dwell  is  then  made 
on  the  lead  cam,  and  the  cross-slide  cam  forces  the  knurls  in  to  the 
proper  depth.  The  lead  cam  then  advances,  while  a  dwell  is  made  on 
the  cross-slide  cam.  The  rise  on  the  lead  cam  is  equal  to  c,  or  the 
length  of  the  knurled  portion,  minus  the  thickness  d  of  the  knurl 
The  rise  h  on  the  cross-slide  cam  Is  found  by  the  following  formula: 

h  = 


Digitized  by  VjOOQ iC 


KNURLING  O  PER  ATI 

The  value  e  Is  equal  to  the  depth  of  the  toe 
greater  than  the  rise  on  the  cam  required  for 
is  displaced.  However,  the  depth  of  the  toe 
all  practical  purposes. 

The  method  of  obtain lilg  the  rise  on  th( 
when  the  knurl  is  operated  on  entirely  by  th< 
where  i  equals  the  rise  required  on  the  can 
by  means  of  the  following  formulas,  where 
A;  =  face  cone  radius  of  work, 
;  =  diameter  of  work, 

TABLB  IV.  FBBDS  FOB  TURRBT 


Pitch 

BrawRod. 

Gun  Screw 

Machi 

of 

Feed  per 

Iron.  Feed  per 

Fee 

Knurl 

Revolution 

Revolution 

Rev< 

16 

0.0100 

0.0080 

0. 

18 

0.0105 

0.0084 

0, 

20 

0.0110 

0.0088 

0. 

22 

0.0115 

0.0092 

0. 

24 

0.0118 

0.0096 

0. 

26 

0.0128 

0.0100 

0. 

28 

0.0128 

0.0103 

0. 

80 

0.0185 

0.0106 

0. 

32 

0.0140 

0.0110 

0. 

84 

0.0145 

0.0115 

0. 

86 

0.0150 

0.0120 

0. 

38 

0.0153 

0.0125 

0. 

40 

0.0158 

0.0128 

0, 

42 

0.0164 

0.0132 

0. 

44 

0.0168 

0.0186 

0. 

46 

0.-0173 

0.0140 

0, 

48 

0.0178 

0.0143 

0. 

50 

0.0182 

0.0145 

0. 

52 

0.0185 

0.0148 

0. 

64 

0.0189 

0.0150 

0. 

56 

0.0198 

0.0153 

0. 

58 

0,0195 

0,0156 

0. 

60 

0.0198 

0.0158 

0. 

62 

0.0200 

0.0160 

0. 

i  =  rise  required  on  cam, 

a  =  angle  of  bottom  of  tooth  with  axis  < 

/3  =:  angle  of  face  with  axis  of  work, 

e  =  tooth  angle, 
^2==  depth  of  tooth. 

A;  =  ;  sin  «  = ;* 

2  sin  i?  h 

Then 


sin  a 


-f  0.010  to  0.0 


The  method  used  for  obtaining  the  rise  < 
bevel  knurling  when  the  knurl  is  operated 
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cross-filide  cams,  is  the  same  as  that  shown  at  C  in  Fig.  31.  The 
holder  in  which  the  Isnurl  is  held  is  offset,  so  that  the  face  of  the  knurl 
is  held  parallel  with  the  face  of  the  work  when  being  fed  in.  The 
depth  of  the  tooth,  therefore,  is  used  for  obtaining  the  rise  on  the 
cross-slide  cam,  by  the  aid  of  the  diagram  shown  at  C.  No  rise  is 
required  on  the  lead  cam,  as  the  knurl  is  brought  to  the  correct  posi- 
tion on  the  work  by  the  quick-rise  of  the  cam,  and  then  allowed  to 
dwell  until  the  knurling  is  completed. 

The  method  of  obtaining  the  rise  on  the  lead  cam  for  end  knurling 
is  shown  at  E,  where  it  can  be  seen  that  the  rise  I  equals  the  depth  of 
the  tooth.  To  dimension  I  should  be  added  from  0.010  to  0.015  inch  for 
the  approach. 

Speeds  and  Feeds  for  Knurlinsr 

Knurls,  as  a  rule,  can  be  operated  at  about  the  same  speed  as  circu- 
lar forming  tools,  if  the  proper  feed  is  given  and  the  knurl  is  provided 
with  a  copious  supply  of  good  lard  oil.  However,  it  may  be  advisable 
in  some  cases,  especially  when  knurling  tool  steel  or  drill  rod,  to  de- 
crease the  speed  somewhat. 

Definite  information  cannot  be  given  for  feeds  for  turret  knurling, 
as  it  is  impossible  to  take  into  consideration  all  the  various  conditions 
under  which  a  knurl  will  be  operated.  When  two  knurls  are  employed 
for  diamond  or  spiral  knurling,  the  knurls  can  be  operated  at  a  higher 
rate  of  feed  for  producing  a  spiral  than  they  can  for  producing  a  dia- 
mond knurl.  The  reason  for  this  is  that  in  the  first  case  the  two 
knurls  would  be  working  in  the  same  groove,  whereas  in  the  latter  case 
the  two  knurls  are  working  independently  of  each  other,  so  that  each 
has  to  do  its  own  share  of  the  work.  Another  condition  encountered 
is  end  knurling  where  the  knurl  only  has  to  be  fed  in  to  the  depth  of 
the  tooth.  Here  the  feed  varies,  of  course,  from  that  used  for  spiral 
or  diamond  knurling;  so  it  is  obvious  that  no  definite  rule  can  be  laid 
down  which  will  cover  all  conditions.  The  diameter  of  the  work  is 
also  a  determining  factor,  making  the  problem  still  more  difficult 
Feeds  for  turret  knurling  are  given  in  Table  IV  for  knurling  different 
materials.  The  feeds  here  given  are  applicable  particularly  to  spiral 
and  diamond  knurling,  but  can  also  be  used,  with  judgment,  for  bevel 
or  end  knurling.  The  diameter  of  the  work  is  not  taken  «into  considera- 
tion, and  allowance  should  be  made  for  this  when  using  the  feeds  given. 
The  feeds  to  be  used  for  backing  the  knurls  off  the  work  should  be  as 
follows:  For  brass,  screw  stock  and  machine  steel,  twice  the  feeds 
given  in  the  table;  and  for  tool  steel,  three  times  the  feeds  given  in  the 
table. 
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SPECIAL  Ba^URLING  OI 

The  knurling  operations  dealt  with  in 
what  might  be  called  "standard/'  and  are  w 
matic  screw  machine  practice.  The  followi 
special  nature,  and  illustrate  unusual  ap] 
data  which  follows  should  be  of  suggestivi 
screw  machine  tools,  inasmuch  as  it  pres( 
of  applying  knurls  to  the  work  under  vary 

Bevel  Knurlingr  Tools  operated  j 

The  simple  bevel  knurling  tool  shown  ii 

a  tapered  shank  and  is  held  in  a  standard 


^^^ 


Flff.  82.    Exacnples  of  Work  Requiring-  I 
Knurl-holder  Appllcatio 

ret.  The  piece  to  be  knurled,  A,  is  a  small  ( 
has  a  convex  face,  but  as  the  curvature  is 
mond  knurl  can  be  used.  In  applying  the  1 
ter  line  BC  of  the  knurl  should  be  at  righi 
the  work  it  is  required  to  knurl.  This  pai 
a  No.  00  Brown  &  Sharpe  automatic  screw 
ated  at  a  spindle  speed  of  1492  R.  P.  M.,  an 
of  0.0023  inch  per  revolution  of  the  work. 

Another  example  of  end-knurling  from  tl 
34.  The  piece  to  be  knurled  is  shown  at  A 
The  knurl  is  presented  from  the  turret  un 
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and  produces  a  single  spiral  knurl,  th6  teeth  of  which  are  at  an  angT'e 
of  25  degrees  with  the  axis  of  the  work.  The  holder  Is  held  In  a  No.  2 
Brown  ft  Sharpe  automatic  screw  machine,  and  the  work  Is  rotated  at 


-ICT- 


4^ 


Fiff.  88.    Bad-knurl  I  Off  Tool  held  in  Floating  Holder 

1200  R.  P.  M.,  with  a  feed  to  the  knurl  of  0.0024  Inch  per  revolution. 

The  knurl  holder  consists  of  a  shank  B  which  fits  the  hole  In  the 

turret,  and  a  holder  C  held  to  the  body  J5  by  a  screw,  and  located  by 

a  tongue  and  groove.    The  hole  for  screw  D  In  holder  C  Is  larger  than 


II       H 
It       II 


Plff.  84.    Bnd-knnrUnff  Tool  held  in  Turret  and  Operate^  at  an  Anirle 

the  body  diameter  of  the  screw,  to  provide  for  adjustment.  The  knurl 
which  Is  shown  detailed  at  E  is  provided  with  a  shank  which  is  a 
running  fit  in  the  hole  in  holder  C.  It  Is  retained  by  a  washer  F  and 
screw  G  and  rotates  on  a  hardened  washer  H.    The  distance  /  on  the 
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knurl  ghank  is  slightly  greater  than  the  ^ 

to  allow  the  knurl  and  washer  G  to  rotate  f 

The  knurl  B  and  the  knurl  holder  D  she 

produce  a  ratchet  form  of  radial  teeth  in 


rig.  86. 


Knurl  and  KnorUnir  Tool-holder 
Form  cf  Rcullal  Teeth 


shown  at  A,  and  also  at  C  in  Fig.  32.    The 
at  an  angle  of  60  degrees  and  are  radial.    T. 
R.  P.  M.,  and  a  feed  of  0.0008  inch  is  given 
of  the  work. 


-H  K- 0.081" 


Fig*.  86.    Knurl  and  Holder  for  produclns'  **Ta 

This  holder  is  held  in  the  turret  of  a  N 
matic  screw  machine,  and  consists  of  a  b^ 
the  holder  D  is  held  by  a  screw.  The  knu 
bronze  bushing  which  is  prevented  from 
knurl  is  retained  in  the  bushing  by  a  lar§ 
with  a  shoulder.     There  is  sufficient  end 
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rotate  freely.  It  should  be  noted  that  in  presenting  the  knurl  to  the 
work,  the  bottom  of  the  teeth  in  the  knurl  should  be  at  right  angles 
to  the  center  line  of  the  holder  or  of  the  work. 


FI9.  87.    Bp«ol»l  KnurlA  and  Holder  for  Intcrxaal  B«vel  Knorllnir 

A  knurl-holder  bearing  a  marked  similarity  to  that  shown  in  Fig. 
35  is  illustrated  in  Fig.  36.  In  this  case,  however,  the  knurl  is  used 
for  producing  "tangential"  teeth,  as  shown  on  the  piece  J5,  Pig.  32, 
and  consequently  it  is  provided  with  spiral  teeth.  It  is  not  inclined  at 
so  small  an  angle  with  the  center  line  of  the  holder,  and  approaches. 


FiflT.  88.    SwinflT  Type  of  Turret  Kniirl-holder  for  SLnurUnff  »t  Various  A^iyi^** 

when  in  operation  on  the  work,  as  closely  as  conditions  will  permit, 
the  action  of  a  helical  gear  in  mesh. 

Internal  Turret  Kn\irl-holder 
A  special  application  of  two  bevel  spiral  knurls  to  the  work  is  shown 
in  Fig.  37.    Here  the  portion  of  the  work  to  be  knurled  is  beveled  at 
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an  included  angle  of  approximately  9 
Fig.  32,  a  diamond-shaped  knurl  is 
can  be  more  easily  accomplished  in  1 
than  would  be  possible  with  one  diai 
tions  it  is  advisable  to  have  the  ang 
angle  on  the  work,  so  that  it  will  be 
a  straight  knurl  would  not  work  freel 
turret  or  cross-slide. 

The  holder  A,  Fig.  37,  which  is  he 
machine  steel  forging  and  is  supplied 
the  phosphor-bronze  bushings  J5,  these 


cm 


Fiff.  89.    Opening  Type  of  Turret  K 

screws  C.  The  knurls  D  are  provid 
in  bushings  B  by  screws  E,  which  i 
thrust  of  the  knurls  in  this  holder  is 
sary  to  back  up  the  bushings  B  with 

Special  Swing:  ^ 
A  special  knurl  holder  which  is 
from  the  cross-slide  by  a  rising  blc 
shown  In  Fig.  38.  The  worl^  is  sho\^ 
It  will  be  noticed  that  the  work  is 
than  suitable  for  the  ordinary  capaci 
automatic  screw  machine,  thus  requi 
feeding  attachment,  the  ordinary  feec 
is  revolved  at  240  R.  P.  M.,  and  the  1 
of  0.00077  inch  per  revolution  of  the 


lOogle 
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the  swinging  arm  D  is  moved,  so  that  the  actual  feed  to  the  knurl  will 
be  somewhat  less  than  this  amount. 

The  main  body  of  holder  C  is  provided  with  a  shank  held  in  the 
turret,  and  the  swinging  member  D  is  held  to  its  front  face  by  a  bolt 
E  and  nut  F.  The  knurl  B  is  held  on  pin  G  retained  in  the  swivel 
holder  H  by  screw  /.  The  holder  H  is  provided  with  angular  gradua- 
tions reading  to  degrees,  so  that  the  knurl  can  be  set  to  the  desired 
angle  with  the  work.  In  the  illustration  the  knurl  is  set  straight,  but 
in  actual  operation  it  is  set  around  at  an  angle  of  8  degrees.  The 
shank  of  holder  H  Is  retained  in  the  swinging  member  D  by  two  set- 
screws  Jy  which  operate  on  bronze  shoes  to  prevent  marring  the 
shank. 

In  operation,  the  rising  block  on  the  cross-slide  comes  in  contact 
with  the  point  a  of  the  adjusting  screw  K,  forcing  the  knurl  into  the 
work.  The  swinging  member  is  returned  to  adjustable  stop-screw  L 
by  a  spring  M,  plunger  'N  and  pin  O,  the  latter  being  driven  into  the 
swinging  member  and  operating  in  an  elongated  hole  in  the  holder  C. 

Special  Opening:  Knurl-holder 
An  opening  type  of  knurl-holder  of  a  design  almost  identical  with 
that  shown  in  Fig.  22,  is  shown  in  Fig,  39.  Two  bevel  knurls  B  are 
held  in  the  swinging  arms  C  and  D  in  the  manner  shown  in  the  sec- 
tional view.  These  arms  are  provided  with  offset  lugs  bored  to  re- 
ceive the  phosphor-bronze  bushings  E,  which  are  prevented  from  turn- 
ing by  set-screws  F.  The  knurls  B  are  provided  with  shanks  and  are 
retained  in  the  bronze  bushings  by  screws  G.  The  type  of  holder 
shown  gives  better  results  on  the  piece  shown  at  A,  and  also  at  E  In 
Fig.  32,  than  would  a  holder  held  on  the  cross-slide  which  would 
force  the  knurl  straight  into  the  work.  The  reason  for  this  is  that  in 
operating  a  bevel  knurl  from  the  cross-slide  on  a  tapered  piece  of 
work,  the  knurl  has  a  tendency  to  glide  off  and  produce  an  imperfect 
form  of  knurl.  The  opening  type  of  holder  obviates  this  difficulty  to 
a  considerable  extent,  as  the  power  can  be  applied,  so  to  speak,  at  right 
angles  to  the  surface  knurled.  The  knurls  are  brought  into  position 
by  the  turret  and  then  fed  into  the  work  by  the  rising  block  on  the 
cross-slide. 
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OUTIiINB   OP  A   COURSE   IN  SHOP  AND   DRAFTmO-ROOM 

MATHEMATICS,  MECHANICS,  MACHINE  DESIGN 

AND  SHOP  PRACTICE 

Any  intelligent  man  engaged  in  mechanical  work  can  acquire  a  well-rounded 
mechanical  education  by  using  as  a  guide  in  his  studies  the  outline  of  the 
course  in  mechanical  subjects  given  below.  The  course  is  laid  out  so  as  to 
make  it  possible  for  a  man  of  little  or  no  education  to  go  ahead,  beginning 
wherever  he  finds  that  his  needs  begin.  The  course  is  made  up  of  units  so  that 
it  may  be  followed  either  from  beginning  to  end;  or  the  reader  may  choose 
any  specific  subject  which  may  be  of  especial  importance  to  him. 

FUNCIPLES     AND     PRACTICE     OF     ASSEM- 
BLING Machine  Tools. 

Reference  Series  No.  57.  Metal 
Spinning. 

Jigs  and  Fixtures 

Reference  Series  Nos.  41,  42  and  43. 
Jigs  and  Fixtures. 

Reference  Series  No.  3.    Drill  Jigs. 

Reference  Series  No.  4.  Milling 
Fixtures. 

Piinoh  and  Die  Work 

Reference  Series  No.  6.  Punch  and 
Die  Work. 

Reference  Series  No.  13.  Blanking 
Dies. 

Reference  Series  No.  26.  Modern 
Punch  and  Die  Construction. 

Tool  Making 

Reference  Series  No  64.  Gage 
Making  and  Lapping. 

Reference  Series  No.  21.  Measur- 
ing Tools. 

Reference  Series  No.  31.  Screw 
Thread  Tools  and  Gages. 

Data  Sheet  Series  No.  3.  Taps  and 
Threading  Dies. 

Data  Sheet  Series  No.  4.    Reamers, 


Preliminary  Gourse  in  Arithmetic 
Jig  Sheets  1A  to  5A: — ^Whole  Num- 
bers:     Addition,    Subtraction,     Multi- 
plication, Division,  and  Factoring. 

Jig   Sheets    6 A   to   15A: — Common 
Fractions  and  Decimal  Fractions. 

Shop  Calculations 

Reference     Series     No.     18.    Shop 
Arithmetic  for  the  Machinist. 

Reference  Series  No.  52.    Advanced 
Shop  Arithmetic  for  the  Machinist. 

Reference   Series   No.   53.     Use    of 
Logarithmic  Tables. 

Reference   Series  Nos.   54    and    55. 
Solution  of  Triangles. 

Data  Sheet  Series  No.  16.     Mathe- 
matical Tables. 
reference. 


A  book  for  general 


Drafting-room  Practice 
Reference  Series  No.  2.     Drafting- 
room  Practice. 

Reference    Series    No.  8.     Working 

Drawings  and  Drafting-room  Kinks. 

Reference  Series  No.  33.     Systems 

AND  Practice  of  the  Drafting-room. 

General  Shop  Practice 

Reference  Series  No.  10.  Examples 
OF  Machine  Shop  Practice. 

Reference  Series  No.  7.  Lathe  and 
Planer  Tools. 

Reference  Series  No.  25.  Deep  Hole 
Drilling. 

Reference  Series  No.  38.  Grinding 
AND  Grinding  Machines. 

Reference  Series  No.  48.  Files  and 
Filing. 

Reference  Series  No.  32.  Screw 
Thread  Cltting. 

Data  Sheet  Series  No.  1.  Screw 
Threads.  Tables  relating  to  all  the 
standard   systems. 

Data  Sheet  Series  No.  2.  Screws, 
Bolts  and  Nuts.    Tables  of  standards. 

Data  Sheet  Series  Nos.  10  and  11. 
Machine  Tool  Operation.  Tables  re- 
lating to  the  operation  of  lathes,  screw 
machines,   milling  machines,  etc. 

Reference  Series  Nos.    50    and   51. 


Sockets,  Drills,  and  Milling  Cutters. 

Hardening  and  Tempering 
Reference  Series  No.   46.     Harden- 
ing AND  Tempering. 

Reference  Series  No.  63.  Heat 
Treatment  of  Steel. 

Blacksmith  Shop  Practice 
and  Drop  Forging 

Reference  Series  No.  44.  Machine 
Blacksmfthing. 

Reference  Series  No.  61.  Black- 
smith Shop  Practice. 

Reference  Series  No.  45.  Drop  Forg- 
ing. 

Automobile  Construction 

Reference  Series  No.  59.  Machines, 
Tools  and  Methods  of  Automobile 
Manufacture. 

Reference  Series  No.  60.  Construc- 
tion AND  Manufacture  of  Automo- 
biles. 
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Theoretical  Meohanlce 
Reference  Series  No.  5.    Fibst  Pbin- 
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Automatic  Screw  Machine  Practice  for  the  Brown  &  Sharpe  auto- 
matic screw  machines  is  covered  in  eight  Reference  Books,  Nos.  99  to 
106,  inclusive.  Reference  Book  No.  99,  "Operation  of  the  Brown  •  ft 
Sharpe  Automatic  Screw  Machines,"  deals  with  the  construction  of 
these  machines  and  the  setting-up  of  the  tools.  No.  100,  "Designing  and 
Cutting  Cams  -for  Automatic  Screw  Machines,"  gives  detailed  instruction 
on  cam  design,  and  describes  a  simplified  method  for  milling  cams. 
No.  101,  "Circular  Form  and  Cut-off  Tools  for  the  Automatic  Screw 
Machine,"  deals  with  the  general  arrangement  and  the  calculations  of 
these  tools,  and  describes  the  different  methods  employed  in  their 
making.  No.  102,  "External  Cutting  Tools  for  the  Automatic  Screw 
Machine,"  deals  with  the  design  and  construction  of  box-tools,  taper 
turning  tools,  hollow  mills,  and  shaving  tools.  No.  103,  "Internal  Cut- 
ting Tools  for  the  Automatic  Screw  Machine,"  deals  with  centering 
tools,  cross-slide  drilling  attachments,  counterbores,  reamers,  and  re- 
cessing tools.  No.  104,  "Threading  Operations  on  the  Automatic  Screw 
Machine,"  treats  on  cam  design  for  threading  operations,  threading 
dies,  taps  and  tap  drills,  die  and  tap  holders,  and  thread  rolling.  No. 
105,  "Knurling  Operations  on  the  Automatic  Screw  Machine,"  describes 
the  construction  of  knurling  holders,  and  gives  directions  for  the  mak- 
ing of  knurls  and  the  design  of  tools  and  cams  used  in  connection  with 
Jcnurling  operations.  No.  106,  "Milling,  Cross-drilling  and  Burring 
Operations  on  the  Automatic  Screw  Machine,"  describes  screw-slotting 
attachments,  index  drilling  attachments,  and  burring  attachments,  giv- 
ing directions  for  their  use  and  for  the  design  of  cams  for  them. 
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CHAPTER  I 


MILLING  ATTACHMENTS 

One  of  the  most  commonly  used  milling  attachments  for  the  Brown 
ft  Sharpe  automatic  screw  machines  is  the  scr^w-slotting  attachment. 
Thi3  attachment,  shown  at  A  in  Fig.  1  is  fastened  to  a  boss  provided 
for  this  purirose  on  the  machine.  The  apron  B,  which  is  also  an  addi- 
tional part,  carries  the  arbor  C  to  which  the  transferring  arm  F  is. 
attached.  The  transferring  and  advancing  cam  levers  D  and  E  are 
also  fastened  to  bosses  on  this  apron.  These  levers  are  operated  by 
the  advancing  and  transferring  cams  J  and  K.  The  block  H  is  fast- 
ened to  the  arm  F,  and  a  slotting  bushing  to  carry  off  the  screw  is 


vig,  1. 


No.  OO  Brown  &  Sliarpe  Automatlo  Screw  Machine  equipped  with 
a  Screw-slottlnff  Attachment 


driven  into  it.  This  bushing  grips  the  screw  and  holds  it  while  the 
slotting  saw  G,  held  on  an  arbor  and  driven  from  pulley  /  through 
bevel  gears,  mills  the  slot  in  the  head.  The  pulley  /  is  driven  by  a 
round  belt  from  the  overhead  works.  The  design  and  action  of  this 
device  is  described  in  detail  in  Machinery's  Reference  Book  No.  100, 
"Automatic  Screw  Machine  Practice — Designing  and  Cutting  Cams 
for  the  Brown  &  Sharpe  Automatic  Screw  Machine,"  where  the  laying 
out  of  cams  for  this  device  is  also  described. 

Slotting'-bushing's 

The  method  of  holding  the  screw  when  presenting  it  to  the  saw  In 
the  screw  slotting  attachment  is  of  special  importance.  In  Table  I  is 
shown  the  standard  form  of  slotting-bushings  used  for  holding  fillis- 
ter- and  flat-head  screws.  The  type  of  slotting-bushing  used  for  round- 
er button-head  screws  is  similar  to  that  shown  for  the  fillister-head 
screw,  except  that  in  some  cases  the  bushing  is  not  counterbored  for 
the  head  of  the  screw.    The  proportions  for  slotting-bushings  for  the 
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various  sizes  of  Brown  ft  Sharpe  automatic  screw  machines  are  also 
given  in  Table  I.  The  diameter  of  the  hole  A  governs  the  diameter 
B  of  the  front  end  of  the  bushing,  and  also  of  the  hole  D.  These  sizes, 
of  course,  pertain  only  to  bushings  for  standard  screws,  the  slotting- 
bushing  being  made  to  suit  the  work  as  desired.  The  diameter  A 
should  be  made  from  0.001  to  0.0015  inch  larger  than  the  screw  diam- 
eter, while  the  diameter  a  should  be  made  from  0.002  to  0.003  inch 
larger  than  the  diameter  of  the  shoulder  or  head  of  the  screw,  as  the 
case  may  be. 

When  a  bushing  is  to  hold  a  shouldered  screw,  and  when  the  length 
of  the  shoulder  is  greater  than  or  equal  to  the  diameter  of  the  shoulder* 
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the  diameter  A  is  made  to  fit  the  body  of  the  shoulder  instead  of  the 
body  of  the  threaded  part  of  the  screw.  When  the  length  of  the 
shoulder  is  less  than  the  diameter,  the  bushing  is  made  to  fit  both 
the  shoulder  and  the  body  of  the  screw.  The  screw  head  should  also 
£t  in  the  counterbored  hole  in  the  bushing.  The  distance  between  the 
shoulders  on  the  screw  should  always  be  less  than  the  distance  be- 
tween the  shoulders  in  the  bushing,  so  that  the  screw  head  alone  will 
bear  against  the  shoulder  in  the  bushing.  The  distance  d  on  the 
bushing  for  flat-head  screws  should  be  made  equal  to  one-half  the 
thickness  of  the  head,  when  the  body  of  the  screw  is  greater, than 
%  inch.  When  the  body  of  the  screw  is  less  than  this,  the  head,  as 
a  rule,  is  usually  sunk  the  full  depth  in  the  slotting-bushing.  The 
corner  c  should  only  be  beveled  when  the  diameter  of  the  counter- 
bored  hole  A  will  permit,  otherwise  the  corner  should  not  be  beveled, 
but  rounded  slightly. 
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MILLING  ATTACH 

Slotting-bushings  are   usually   made   f; 
hardened  until  the  cams  have  been  tried 
is  completed.     The  slot  for  the  ejector 
inserted  in  the  transferring  block,  and 
bushing  for  flat-head  screwB  is  cut  when 
tion  in  the  transferring  block.    When  a 
head  screw,  the  slotting  saw  does  not, 
at  all,  the  depth  of  the  counterbore  &  i 
less  than  the  difference  between  the  dep 
ness  of  the  head  of  the  screw.     The  dim 
shoulder  of  the  bushing,  but  is  the  large 
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in  the  transferring  block.  This  allows  th 
into  the  block,  1/32  inch  being  allowed 
however,  to  make  the  dimension  F  sligh 
fit  it  into  the  block  when  trying  out  the 
ing  for  holding  flat-head  screws  is  mad 
of  the  head,  the  angle  shown  being  that 

Slotting  Hezasron-hei 

When  the  slot  in  the  head  of  a  hexa 
deflnite  relation  to  the  sides  of  the  h( 
screw  be  located  in  an  exact  position  in  tl 
ing  for  holding  the  screw  has  usually  a 
the  hexagon  head,  but  it  is  often  difficu 
properly  in  the  bushing.  If  the  bushing 
it  is  attached  to  the  bar,  the  screw  will 
the  hexagon  hole,  but  the  corners  of  the 
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screw  broken  off  before  it  is  severed  from  the  bar.  To  obviate  tliis 
difficulty,  some  device  must  be  employed  for  locating  the  screw 
in  the  bushing,  after  it  has  been  severed  from  the  bar. 

A  device  which  is  used  for  locating  a  hexagon-head  screw  in  the 
slotting-bushing  is  shown  in  Fig.  2,  where  the  screw  and  slotting- 
bushing  are  also  shown.  This  device  consists  of  a  cast-iron  bracket  A^ 
which  is  held  on  the  slotting  attachment,  being  retained  in  position 
with  the  same  screws  that  hold  the  slotting  attachment  Held  in  the 
boss  of  bracket  A  is  a  holder  B  to  which  is  attached  the  locater  C 
This  consists  of  a  piece  of  sheet  steel  about  1/16  inch  thick,  held  on 
a  pin  D  and  free  to  swivel.  Pressing  against  this  locater  is  a  spring 
E  which  forces  the  locater  against  the  stop  pin  F.  A  screw  Q  acts  as 
a  stop,  being  adjusted  in  or  out  as  desired  to  locate  the  head  of  the 
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Fir.  8.    Another  Bezaffon  8or«w  Looatlnff  Device 

screw  against  the  shoulder  in  the  bushing,  and  also  acting  as  a  stop 
for  the  locater  C, 

In  operation,  as  the  screw  is  removed  from  the  chuck  by  the  slotting 
bushing,  the  arm,  in  ascending,  is  brought  to  dwell  in  an  intermediate 
position,  and  is  then  advanced  towards  the  locater  C.  As  this  locater 
is  beveled,  the  screw  forces  it  up,  and  the  action  of  the  spring  turns 
the  screw  around  in  the  bushing,  so  that  the  hexagon  head  is  located 
properly,  the  arm  at  the  same  time  advancing  and  forcing  the  screw 
in  to  the  desired  depth.  The  method  of  designing  the  transferring 
cam  to  dwell  in  this  intermediate  position  will  be  described  in  connec- 
tion with  the  burring  attachment,  in  another  chapter. 

In  Fig.  3  is  shown  a  device  for  locating  hexagon-head  screws  in  the 
slotting-bushing  which  differs  somewhat  in  principle  from  that  sho-n 
in  Fig.  2.  This  device  consists  of  a  cast-iron  bracket  A,  which  is 
fastened  to  the  slotting  attachment  as  previously  described.  The 
bracket  is  provided  with  a  phosphor-bronze  sleeve  B,  in  which  a  spindly 
C  is  free  to  rotate.    Keyed  to  the  spindle  C,  and  held  by  a  nut  D,  is  a 
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ITOOved  pulley  E,  which  is  driven  by  a 
overhead  works.  Held  in  the  spindle  C 
is  pressed  forward  by  an  open-wound  sp 
is  prevented  from  rotating  by  a  pin  Hy  ^ 
/,  cut  in  the  spindle  C. 


k  r'T 


Flff.  4.    Slabbing  AttcMshment  used  on  8 

In  operation,  as  the  slotting-bushing  li 
the  arm  dwells  in  an  intermediate  positio 
the  screw  against  the  rotating  plunger 
slowly,  and  as  the  arm  is  advanced,  the 
the  screw  and  the  plunger  rotates  the  t 
ward  travel  of  the  arm,  the  screw  is  lo( 
and  forced  in  to  the  correct  depth.    The  i 
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used  for  holding  it  are  shown  in  the  illustration,  where  the  princii>al 
dimensions  on  the  slotting-bushing  are  also  given. 

Slsbbinff  Attachment 

A  slabbing  attachment  which  is  fastened  to  the  ordinary  screw- 
slotting  attachment  is  shown  in  Fig.  4.  The  screws  which  hold  the 
slotting  attachment  to  the  frame  of  the  machine  are  removed  and  the 
slabbing  attachment  A  is  seated  on  the  top  face  of  the  base  of  the  slot- 
ting attachment.  The  screws  are  again  inserted,  and  the  slabbing  at- 
tachment fastened  in  position.  The  main  body  of  the  attachment  is 
an  iron  casting,  and  a  boss  on  it  is  bored  out  to  receive  a  plunger  B  to 
which  is  attached  a  guide  or  ejector  C.  The  plunger  B  is  riveted 
to  this  guide  member  C,  and  a  coil  spring  D  is  located  behind  the 
shoulder  of  the  plunger  to  keep  it  out. 

Two  set-screws  E  and  F  with  lock-nuts  are  provided  for  guiding  the 
member  C.  This  guiding  or  ejecting  member  C  has  an  elongated  hole 
bored  in  it,  fitting  over  the  saw  arbor,  so  that  the  ejector  can  be  forced 
back  by  the  piece  when  it  is  being  advanced  to  the  slabbing  saws  by 
the  transferring  arm.  The  front  face  of  the  ejector  C  is  knurled,  so 
that  the  piece  is  prevented  from  rotating  in  the  slotting-^bushing  when 
the  saws  H  and  /  commence  to  cut.  This  attachment  is  driven  in  the 
same  manner  as  the  ordinary  screw-slotting  attachment,  and  the  bush- 
ing in  which  the  work  is  held  while  being  slabbed  is  also  of  a  similar 
type.  Of  course,  the  exact  shape  of  the  bushing  would  depend  entirely 
on  the  shape  of  the  work.  In  the  lower  view,  the  driving  mechanism 
has  been  removed  to  show  the  slabbing  attachment  more  clearly. 

Spindle  Indexing  Device 

A  device  which  converts  the  Brown  &  Sharpe  automatic  screw  ma- 
chine into  a  milling  machine  is  shown  in  Fig.  5.  This  device  was 
designed  for  making  a  special  piece,  which  is  shown  at  A  in  Fig.  6, 
where  the  cams  for  making  the  piece  are  also  shown. 

To  apply  this  device  to  the  automatic  screw  machine,  the  pulleys 
A  and  B  shown  in  Fig.  7  are  removed,  as  is  also  the  clutch  mechanism. 
The  outer  sleeve  A  of  the  attachment  shown  in  Fig.  5  is  then  slipped 
over  the  regular  spindle.  This  sleeve  is  cast  integral  with  a  bracket  B, 
the  lower  end  pf  which  is  located  on  the  shaft  C  shown  in  Fig.  7. 
This  shaft  is  part  of  the  belt-shifting  arrangement  which  is  used  for 
obtaining  two  different  speeds  for  the  spindle  when  threading  steel. 
The  attachment  is  driven  from  the  rear  driving-shaft  by  the  ordinary 
gears  D  and  E  which  drive  the  belt-shifting  arrangement  as  shown  in 
Figs.  5  and  7.  A  35-tooth  gear  D  is  placed  on  the  driving  shaft,  which 
meshes  with  a  70-tooth  gear  E  located  on  the  shaft  C.  On  the  same 
shaft  is  an  80-tooth  gear  driving  an  80-tooth  gear  F  on  the  stud  G. 

A  trip  and  indexing  mechanism  somewhat  similar  to  that  used  on 
the  turret,  is  used  here  for  indexing  and  locking  the  spindle.  The  80- 
tooth  gear  H  meshes  with  a  40-tooth  gear  K  keyed  to  the  sleeve  L  held 
on  the  spindle.  This  sleeve  has  two  holes  drilled  in  it,  in  which  the 
plunger  M  fits.     A  spring  N  behind  this  plunger  keeps  it  in  contact 
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with  the  sleeve  L.  This  sleeve  L  is  fastened  to  the  main  driving- 
spindle  of  the  machine  by  a  set-screw  0.  This  attachment  is  operated 
as  follows: 

The  dog  on  the  drum  held  on  the  front  cam-shaft,  is  set  to  trip  the 
lever,  which,  when  tripped,  operates  the  tooth-clutch  P,  Fig.  7,  thus 
rotating  the  rear  driving-shaft.  As  the  rear  driving-shaft  rotates  at 
180  R.  P.  M.,  the  gear  D  will  revolve  at  the  same  speed,  while  the  gear 
E  will  revohre  at  90  R.  P.  M.,  and  will  transmit  a  speed  of  90  R.  P.  M. 
to  the  gear  F,    This  gear  F  carries  a  cam  Q^  and  a  roller  attached  to 
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Fiff,  O.    lifty-out  of  a  Set  of  Omoos  for  Making  a  Piece  reqalrixiflr  the 
Indexing  of  the  WOrk-epindle 

the  lever  R  runs  on  this  cam.  Then  when  the  dog  trips  the  lever,  the 
driving-shaft  rotates,  thus  driving  the  gears,  which  in  turn  rotate  the 
cam  Q.  As  the  cam  Q  is  rotated,  the  arm  R  is  moved  in  the  direction 
Indicated,  which  action  withdraws  the  pin  M  from  the  bushing  L.  Now 
at  the  same  time  that  the  pin  M  is  withdrawn,  the  roller  8  comes  in 
contact  with  the  slot  T  in  disk  /  held  on  the  stud  J,  thus  rotating  the 
disk  on  one  quarter  turn.  This  disk  is  provided  with  four  slots  T, 
and  as  this  indexing  device  requires  to  be  Indexed  180  degrees  to  bring 
each  part  of  the  piece  into  position,  the  disk  /  is  moved  two  spaces 
before  another  dog  on  the  drum  trips  the  lever  that  disengages  the 
tooth-clutch  P,  Fig.  7. 
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Referring  to  Fig.  6,  it  will  be  seen 
two  lugs  on  it  designated  a  and  h.  Tl 
is  made  is  of  special  shape,  so  that  its 
require  to  be  finished;  the  lugs  a  and 
slotted.  The  work  is  not  revolved,  bu 
stock  into  position  for  forming  the  twc 
turret  is  packed  out  an  amount  equal  t 
the  center  of  the  two  lugs,  and  drillin 
turret  for  holding  hollow  mills  and  d 
is  as  follows: 

Order  of  Operations 

Peed  stock  to  stop 

Revolve  turret  

Rough  turn  lug  a  with  hollow  mill  h 

drilling  attachment,  speed  684  R.  P. 

0.0025  inch  feed 

Index  spindle  and  revolve  turret 

Rough  turn  lug  h  with  hollow  mill  h 

drilling  attachment,  speed  684  R.  P. 

0.0037  Inch  feed   

Revolve   turret    

Center  and  face  lug  h  with  centering  to* 

in  drilling  attachment,  speed  684  R. 

at  0.0013  inch  feed  to  center  and  O.OOC 

feed  to  face   

Revolve  turret 

Finish  turn  lug  &  with  hollow  mill   H 

drilling  attachment,  speed  684  R.  P. 

0.005  inch  feed   

Index  spindle  

Finish  turn  lug  a  with  hollow  mill  1: 

drilling  attachment,  speed  684  R.  P. 

0.005  inch   feed   

Revolve  turret  and  index  spindle 

Drill  hole  in  lug  h  with  drill  held  in  c 

attachment,  speed  3555  R.  P.  M.  at 

inch  feed  

Pull  out  drill  to  remove  chips 

Finish  drill  hole  in  lug  &  with  drill  1 

drilling  attachment,  speed  3555  R.  P. 

0.0011  inch  feed    

Revolve  turret  • 

Remove  burr  and  broach  with  tool  t 

floating  holder 

Clear  

Mill  slot  in  lug  a  with  special  milling 

ment   held    on    rear   cross-slide,    spei 

R.  P.  M.,  at  0.014  inch  feed 

Cut-off  with  special  milling  attachmer 

on  front  cross-slide,  speed  480  R.  P. 

0.014  inch  feed 

Index  spindle  
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Cross- slide  Slotting  Attachment 
The  special  slotting  attachment  designed  for  cutting  the  slot  in  lug 
a  shown  in  Fig  6  is  shown  in  Fig.  8.     This  attachment  consists  of  a 
block  A,  the  base  of  which  is  held  to  the  rear  cross-slide  by  a  bolt  and 


K 

Fiff.  7.    niuBtratlon  ahowiziff  the  Location  of  the  Indexing  AttiMshment 

nut  B  and  C  as  shown,  the  former  fitting  in  the  T-slot  in  the  cross- 
slide.  The  spindle  D  passing  through  the  casting  which  Is  bushed  with 
a  bronze  sleeve,  has  attached  to  it  a  bevel  gear  E,  meshing  with  a 


Jfqcfcfiwrry^.r. 


Fig.  8.    Blottinff  Attachment  held  on  the  Becur  Oroes-aUde 

bevel  ^ear  F  keyed  to  the  vertical  spindle  O.  This  vertical  spindle  O 
also  runs  in  bronze  bushings.  The  pulley  H  is  keyed  to  the  rear  end 
of  shaft  D  and  is  held  to  it  by  a  nut  and  washer  as  shown.  A  round 
belt   which   passes  over  a  grooved   pulley   held   on   the   countershaft. 
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drives  this  pulley  H,  which,  in  turn,  drives  the  slotting  saw  /  held 
on  the  lower  end  of  the  vertical  spindle.  Adjustment  is  provided  for 
the  slotting  saw  /  by  varying  the  thickness  of  the  washer  J  and  also 
by  means  of  the  adjusting  nuts  K  and  L,  Gear  F  has  a  shank  which 
fits  in  the  upper  member,  so  that  the  spindle  Q  can  be  adjusted  with- 
out affecting  the  position  of  this  gear. 

Cross-slide  Sawing  Attachment 

The  attachment  which  is  used  for  cutting  off  the  piece  shown  at  A 
in  Fig.  6  is  shown  in  Fig.  9.     This  attachment  is  held  on  the  front 
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Fiff.  0.    B«wlnff  Attaohment  held  on  the  Front  Oroas-sUde 

cross-slide,  and  consists  of  a  holder  A  somewhat  similar  to  the  ordinary 
holder  used  for  the  circular  focm  tools,  and  is  also  held  to  the  cross- 
slide  in  a  similar  manner.  A  three^Uarter  inch  flat  belt,  which  passes 
over  a  pulley  fastened  to  the  countershaft,  drives  this  attachment 
through  the  pulley  B.  This  pulley  B  has  a  leather  strip  C  fastened  to 
it  which  increases  the  friction  and  gives  a  more  positive  drive  to  the 
cutting^ff  saw.  The  pulley  B  is  keyed  to  a  shaft  £><  and  also  held  to 
it  by  a  nut  and  washer  as  shown.  The  shaft  £>  which  passes  through 
a  bronze  bushing  held  in  the  holder  A  has  a  helical  gear  E  cut  on  its 
forward  end.  This  helical  gear  meshes  with  a  mating  gear  F  held  on 
the  cutter  spindle  G,  which  is  located  at  right  angles  to  the  spindle  D. 
The  spindle  O  fits  in  a  bronze  sleeve  held  in  the  holder  A.  and  is  pro- 
vided with  a  shoulder  H  against  which  the  slotting  saw  /  is  held  by 
the  nut  J,  The  guard  K  is  used  to  prevent  the  work  from  springing 
away  from  the  saw  when  almost  cut  off. 
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In  order  to  avoid  a  separate  operation  in  manufacturing  parts  re- 
quiring to  be  cross-drilled,  the  Brown  &  Sharpe  Mfg.  Co.  has  designed 
what  is  called  an  "index  drilling  attachment."  This  attachment, 
which  is  used  for  drilling  cross-holes  in  studs  and  capstan-screws,  is 
illustrated  in  Figs.  10,  11  and  12. 

The  Brown  &  Sharpe  index  drilling  attachment,  which  is  shown 
located  on  a  No.  00  automatic  screw  machine  in  Figs.  10  and  11,  con- 
sists mainly  of  a  cast-iron  bracket  A,  fastened  by  cap-screws  to  a  boss 


Fig,  10.    Front  View  of  the  Index  DrlUlnff  Attachment,  placed  on  a 
No.  OO  Brown  St  Sharpe  Automatic  Screw  Machine 

provided  for  that  purpose  on  the  machine.  In  this  bracket  are  held 
the  work-  and  drilling-spindles,  the  latter  being  held  in  a  vertical  posi- 
tion and  in  line  with  the  work-spindle.  The  camshaft  from  which  the 
attachment  is  operated,  is  driven  by  a  chain  and  sprocket,  which  is 
shown  encased  in  Fig.  10.  A  sprocket-wheel  for  driving  the  attachment 
is  placed  on  the  front  camshaft  of  the  machine,  and  an  idler  pulley, 
fastened  to  a  bracket,  gives  the  chain  the  desired  tension  on  the 
sprocket.  Figs.  10  and  11  give  a  general  idea  of  the  construction  of 
this  index  drilling  attachment,  but  for  a  more  detailed  description 
reference  should  be  made  to  Fig  12.  Similar  parts  in  the  three  il- 
lustrations bear  the  same  reference  letters. 

The  drilling-spindle  B  is  driven  by  a  %-inch  round  belt  from  the 
overhead  works  through  pulleys  L  and  M,  the  pulleys  M  acting  as 
idlers,  to  change  the  direction  of  the  belt  from  a  vertical  to  a  horizontal 
position.     Spindle  B  is  operated  by  a  cam  C  acting  through  a  lever  D, 
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while  the  indexing  of  the  work-spindle  E  is  accomplished  by  a  cam  F 
acting  through  a  lever  G,  The  forward  end  of  the  lever  Q  has  teeth 
cut  in  it  (see  Fig.  18)  which  mesh  with  the  segment  gear  H  on  the 
work-spindle  E,  Fig.  12.  A  ratchet  I,  held  to  the  segment  gear  by  a 
shoulder  screw  and  nut  as  shown,  and  acted  upon  by  a  spring,  fits 
in  a  ratchet  disk  I^  (see  Fig.  18)  which  is  keyed  to  the  work-spindle  E. 
The  lockiiig  plate  /  has  V-notches  cut  in  it,  the  number  of  which 
(usually  four)  equals  the  indexings  of  the  spindle  required,  this  plate 
being  used  for  locking  purposes  only.  A  spring  plunger  K  fits  in  the 
notches  in  plate  J  and  holds  it  in^  place  until  the  spindle  is  again 
Indexed. 

In  operation,  when  the  indexing  lever  G  Is  raised  by  the  cam  F,  it 
depresses  the  spring  plunger  A%  and  at  the  same  time  rotates  the  seg- 


Fiff.  11.    Ra»r  View  of  the  Index  Drilling  Attaohment  In  Place  on  a 
No.  OO  Brown  H  Sharpe  Automatic  Screw  Machine 

ment  gear  H  carrying  the  ratchet  /.  The  spring  plunger  returns  the 
lever  to  its  normal  position  when  the  roll  on  the  lever  drops  down  to 
the  smallest  diameter  of  the  cam,  and  in  so  doing  returns  the  indexing 
disk  H  to  its  normal  position  ready  for  the  next  indexing.  The  work- 
spindle  is  indexed  by  the  ratchet  /  meshing  in  one  of  the  teeth  in  the 
ratchet  disk  Ij. 

The  drilling-spindle  B  is  raised  and  lowered  by  means  of  the  lever  D, 
which  is  connected  to  it  by  two  screws  0,  holding  two  shoes,  the  latter 
fitting  in  milled  slots  cut  In  the  sleeve  P.  This  sleeve  is  held  on  the 
spindle  B  by  check-nuts  Q.  The  drill-spindle  runs  in  bronze  bearings, 
and  is  provided  at  its  lower  end  with  three  set-screws  R  for  holding 
the  drill.  The  upper  end  of  the  drill-spindle  fits  in  a  steel  bushing  8, 
to  which  it  is  keyed.  The  pulley  L  Is  also  keyed  to  bushing  S,  and 
as  the  spindle  B  is  provided  with  a  groove,  it  is  possible  to  rotate  the 
spindle,  and  at  the  same  time  move  it  up  and  down  by  the  lever  D. 

A  general  outline  of  the  construction  of  the  various  details  of  the 
attachment  is  given  in  the  following: 
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Construction  of  the  Index  Work-spindle 

Fig.  13  shows  a  sectional  view  of  the  index  work-spindle,  the  section 
being  taken  on  the  line  X-Y,  Fig.  12.  The  spindle,  as  has  been  previ- 
ously stated,  is  indexed,  but  otherwise  remains  stationary.  The  chuck 
A  is  closed  by  means  of  the  cam  B,  which  Is  fastened  by  screws  to  the 
drum  D,  while  the  cam  C  operates  the  lever  M  for  opening  the  chuck. 
A  roller  L,  attached  to  the  lever  M,  and  which  is  guided  by  the  cam- 
blocks  B  and  C,  <>perates  the  lever  M  for  closing  and  opening  the 
chuck. 

In  operation,  as  the  lever  M  is  forced  by  the  cam  C  in  the  direction 
indicated  by  the  arrow  C„  it  withdraws  the  clutch  sleeve  N  from  be- 
neath the  fingers  0,  allowing  the  latter  to  drop  and  release  their  pres- 
sure on  the  sleeve  P.  Now,  as  the  mouth  or  front  end  of  the  sleeve 
Px  is  beveled  to  an  angle  which  is  greater  than  the  angle  of  repose,  and 
as  the  chuck  A  is  split  and  spring-tempered,  the  withdrawal  of  the 
clutch  sleeve  N  from  beneath  the  fingers  0  allows  the  bevel  on  the 
chuck  to  force  the  sleeve  P  back,  thus  permitting  the  chuck  to  open 
and  the  work  to  be  ejected  by  the  plunger  8.  Inversely,  as  the  lever 
M  is  forced  by  the  cam-block  B  in  the  direction  of  the  arrow  B„  the 
clutch  sleeve  N  is  forced  under  the  fingers  0,  so  that  their  circular 
bearings  or  ends  rest  on  the  straight  cylindrical  portion  of  the  sleeve. 
This  action  on  the  fingers  0  causes  the  sleeve  P  to  be  pushed  forward 
and  butt  against  the  sleeve  Pi,  forcing  it  over  the  tapered  portion  of 
the  chuck  A,  and  thus  closing  the  latter  on  the  work. 

The  work,  when  forced  into  the  chuck  A,  butts  against  a  brass 
ejector  or  stop  8  which  is  screwed  onto  the  rod  R.  This  rod  passes 
entirely  through  the  spindle  Ai,  and  is  held  outward  by  a  coil  spring 
E.  When  the  work  forces  the  ejector  8  into  the  chuck,  the  head  on 
the  rod  R  comes  against  the  stop-screw  S„  which  is  clamped  by  the 
lock-nut  shown.  The  position  of  the  stop-screw  governs  the,  distance 
to  which  the  work  can  be  inserted  in  the  chuck,  thus  locating  the  posi- 
tion of  the  drilled  holes.  The  desired  grip  of  the  chuck  A  on  the  work 
is  obtained  by  adjusting  the  check-nuts  O.  The  work-spindle  can  be 
taken  out  by  removing  the  nuts  H  and  I  and  the  lever  M. 

Laying  out  Cross-slide  Cams  for  Cross-drilling  Operations 

The  method  of  laying  out  a  set  of  cams  for  a  cross-drilling  opera- 
tion is  similar  to  that  for  any  other  job,  except  that  there  are  a  num- 
ber of  special  points  to  be  considered  which  relate  chiefly  to  the  clear- 
ance allowances  for  the  transferring  arm  in  its  ascent  and  descent  to 
and  from  the  work-splndle.  Possibly  the  best  way  to  illustrate  the 
method  employed  is  to  take  a  practical  example  and  describe  each  step. 
Assume  that  it  is  required  to  make  the  piece  shown  at  A  In  Fig.  14, 
which  is  a  binding  post,  made  from  9/32-inch  brass  rod.  The  turret 
and  cross-slide  cams,  also  shown  in  this  illustration,  are  laid  out  in  the 
usual  manner,  except  that  sufficient  space  is  allowed,  as  shown  from 
86  to  91  (on  the  cam  circumference)  for  bringing  down  the  trans- 
ferring arm  to  grip  the  work.  One  hole  should  be  left  vacant  in  the 
turret,  so  that  the  transferring  arm  can  be  brought  down  without 
coming  in  contact  with  any  of  the  turret  tools. 
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Before  laying  out  the  lead  and  cro 
make  a  lay-out  as  shown  in  Fig.  15, 
circular  form  and  cut-off  tools  and  a 
If  this  is  done,  the  amount  that  the 
the  largest  diameter  of  the  cam  circui 
necessary  for  the  turret  and  circular 
the  necessary  information  has  heen 
other  diagram,  such  as  in  Fig.  11,  Rei 
ai)d  Cutting  Cams  for  the   Brown   k 


Fiff*  14.    Lay-out  of  a  Set  of  Cams  fo 
the  No.  CO  Brown  A  Sharp*  A« 

chines,"  should  be  made  so  that  the 
transferring  and  advancing  cams  can 
ample  given  in  that  illustration  appll 
slotting  job;  the  method  of  procedu 
cams  used  on  the  index  drilling  attach 

Laying  out  the  Transferring 

,  As  the  method  of  laying  out  the  t 
is  described  in  Part  II  of  this  treati 
No.  100,  it  will  not  be  necessary  to  d 
the  transferring  and  advancing  cams  \ 
shown  at  A  in  Fig.  14,  is  shown  in  F 
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uses  are  clearly  indicated.  The  lay-out  of  these  cams  does  not  differ 
materially  from  that  for  a  screw-slotting  Job  except,  of  course,  that 
the  lobes  on  the  advancing  cam  are  made  with  a  dwell,  no  feeding 
movement  being  necessary.  To  determine  the  relative  heights  of  the 
lobes  A  and  B  on  the  advancing  cam,  a  diagram  similar  to  that  in  Fig. 
11,  Reference  Book  No.  100,  should  be  drawn,  the  slotting  saw  being  re- 
placed by  the  chuck  A  and  stop  S,  shown  in  Fig.  13.  The  lobe  A,  Fig. 
16,  should  be  of  sufl&cient  height  to  force  the  work  into  the  chuck  to 
the  proper  distance,  and  thus  locate  the  stop  8,  Fig.  13,  up  against  the 
stop-screw  fifj. 

Laying  out  the  Indexing  and  Drilling  Cams  for 
the  Oross-drilling  Attachment 

In  laying  out  a  set  of  indexing  and  drilling  cams,  it  is  always  pre- 
ferable to  start  from  some  predetermined  point.    The  practice  usually 
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Flff.  16.    DlaffTftm  for  Obtainins'  the  Chpit-down  on  the  Lead  Omd, 
and  OlMtraaoe  for  Tools 

followed  is  to  allow  1%  hundredth  clearance  between  the  finishing 
point  on  the  inserting  lobe  A  (see  Fig.  16)  and  the  starting  point  A 
on  the  drilling  cam.  Fig.  17,  and  then  lay  out  the  corresponding  lobes 
on  the  drilling  and  indexing  cams  from  this  point.  As  soon  as  the 
advancing  roller  is  on  the  top  of  the  lobe  A,  Fig.  16,  the  index  drilling 
chuck  should  be  opened,  and  closed  again  before  the  roll  drops  off  the 
lobe.  About  one  hundredth  of  the  cam  surface  should  be  allowed  for 
clearance,  so  in  this  case  the  chuck  should  be  opened  at  4  on  the  cam 
circumference.  The  chuck  is  opene^  by  the  cam  C  on  the  drum  D, 
Fig.  13,  in  the  manner  previously  described. 

The  indexing  and  drilling  cams  used  for  drilling  the  binding  post 
shown  at  A  in  Fig.  14  are  shown  in  Fig.  17.  Here  it  can  be  seen  that 
the  drill  begins  to  operate  at  5%  and  finishes  at  52,  one  one-hundredth 
being  allowed  for  the  drill  to  make  a  smooth  finish.  The  order  of 
operations  for  the  lead,  cross-slide,  advancing,  transferring,  drilling 
and  indexing  cams-  is  given  in  the  tabulated  arrangement  on  the 
following  page. 
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Lead  and  CroBs-sllde  Cams 

Order  of  Operatkmi  RevoIutioiiB  Hundredths 

Feed  stock  to  stop  and  chuck 22.40  8 

Revolve   turret   25.20  9 

Center    0.040    inch    rise   at    0.0023    inch    feed, 

dwell    0.125    19.60  7 

Revolve  turret   25.20  9 

Drill  and  turn  with  box-tool  0.120  inch  rise  at 

0.002  inch  feed,  dwell  0.15 64.40  23 

Form  with  circular  tool  0.058  inch  rise  at  0.00045 

inch  feed,  dwell  0.25 (159.60)  (57) 

Clearance    5.60  2 

Cutoff  0.122  inch  rise  at  0.00155  inch  feed,  and 

revolve  turret   78.40  28 

Clearance  for  transferring  arm   14.00  5 

Revolve   turret    25.20  9 

Total    280.00  100 

Transferrlngr  and  Advancing  Cams 

Order  of  OperatJooB                                                            ■  Revolations  Handredths 

Place,  transferring  bushing  on  work 11.2  4 

Drop  arm  back  from  work 5.6  2 

Lift  up  transferring  arm  20.2  7% 

Clearance    2.8  1 

Dwell  with  transferring  arm  while  placing  work 

in  chuck  and  drilling   187.6  67 

Place  work  in  index  drilling  chuck 21.0  7% 

Dwell  with  arm  while  closing  chuck 11.2  4 

Drop  back  arm  ; 14.0  5 

Dwell  with  arm  while  drilling 131.6  47 

Drop  down  transferring  arm  to  pick  up  piece. .  30.8  11 

Clearance    2.8  1 

Advance  to  put  bushing  on  work 11.9  4% 

Drilling  and  Indexing  Cams 

Order  of  OperatioiiB  RevolutloiiB  Hundredths 
Drill  and  countersink  0.218  inch  rise  at  0.0017 

inch  feed,  dwell  0.10 127.4  45% 

Lift  out  drill    9.1  3% 

Push  down  lever  to  index 11.2  4 

Dwell  to  allow  spring  to  return  lever 4.9  1% 

Index  second  time  22.4  8 

Dwell  to  allow  spring  to  return  lever 4.9  1% 

Clearance    9.1  3% 

Countersink  0.062  inch  rise  at  0.0031  inch  feed, 

dwell  0.10  22.4  8 

Pull  out  drill,  open  chuck,  and  allow  clearance, 

to  drop  and  raise  transferring  arm  and  close 

chuck     65.8  23Vj 

Referring  to  Fig.  17.  it  will  be  seen  that  the  indexing  cam  is  pro- 
vided with  two  projecting  lobes  B  and  C,  which  are  used  to  force  the 
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lever  down  and  thus  rotate  the  indexing  disk.  These  two  lobes  are 
necessary  because  the  piece  to  be  drilled  has  only  one  cross-hole  coun- 
tersunk on  both  sides,  which  necessitates  indexing  the  spindle  four 
times  for  each  piece.  Since  the  indexing  and  drilling  cams  rotate  at 
the  same  speed  as  the  turret  and  cross-slide  cams,  the  time  required 
for  indexing  is  approximately  equal  to  the  time  required  for  feeding 
the  stock,  which  can  be  verified  by  referring  to  the  illustration,  the 
space  required  being  from  61  to  69.  Three  hundredths  of  the  cam 
surface  is  the  minimum  space  which  should  be  allowed,  on  account  of 
the  rolls  requiring  that  space  to  drop  down.  A  milling  cutter  at  least 
1/16  inch  larger  in  diameter  than  the  roll  should  be  used  for  cutting 
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Plff.  10.    Tranaferrlnff  and  Admioinff  Oama  for4iiftlnff  and  Plaolng  tlie 
Work  \A  the  Index  DriUlng  Obuok 

the  cams.  The  motion  transmitted  by  the  cams  to  the  Indexing  and 
drilling  levers  O  and  D  is  clearly  shown  by  the  full  and  dotted  lines 
in  Fig.  18.  The  maximum  travel  of  the  index  drilling  spindle  is  equal 
to  the  distance  A,  which  on  the  attachments  used  is  as  follows : 


No.  of 
Machine 

00  •.. 

0    .. 
2   .. 


Distance  A 
in  Inches 
9/16 
3/4 
13/16 


The  maximum  diameters  of  the  indexing  and  drilling  cams  for  the 
attachments  used  on  the  various  machines  are  as  follows: 


No.  of 
Machine 
00    .. 
0    .. 


Distance  B 
in  Inches 

4 

4  1/2 

41/2 
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The  cut-down  required  on  the  cam  for  Indexing  can  be  found  by  lay- 
ing out  a  diagram  similar  to  that  shown  In  Fig.  18.  When  the  in- 
dexing disk  /i  is  provided  with  six  teeth  instead  of  four»  the  cut-down 
required  will  be,  of  course,  proportionately  less. 

Speeds  and  Feeds  for  Oross-Drilllng 
The  speeds  and  feeds  used  for  cross-drilling  do  not  vary  from  those 
used  when  drilling  from  the  turret,  and  to  obtain  the  required  speed 
for  the  drill  a  grooved  pulley  of  suitable  size  should  be  placed  on  the 


DRILLING  CAM 
INDEXING  CAM 
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FliT*  17.    In<1«Tlng  Mid  DrtlUn^  Oftma  for  tlie  Pl«oe  Shown  at  A  in  Plff.  14 

countershaft.  The  drilling  speeds  and  feeds  for  ordinary  carbon  and 
high-speed  twist  drills  for  drilling  different  materials  are  given  in 
Machinery's  Reference  Book  No.  103,  "Internal  Cutting  Tools  for  the 
Brown  A  Sbarpe  Automatic  Screw  Machines." 

Transferring  Bushinirs 
When  transferring  a  piece  of  work  from  the  work-spindle  to  the  In- 
dex drilling  spindle,  it  is  necessary  to  have  a  transferring  bushing 
which  will  insert  the  work  in  the  index  drilling  chuck.  The  ordinary 
screw-slotting  bushing  cannot  be  used  for  this  purpose,  except  when 
the  work  is  suflSciently  long  and  the  hole  in  a  suitable  place,  so  that 
the  work  can  be  inserted  in  the  chuck  without  the  aid  of  a  spring 
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plunger.  When  he  work  is  not  of  the  character  specified,  it  is  neces- 
sary to  use  a  transferring  bushing  in  which  is  placed  a  spring  plunger 
for  inserting  the  work  in  the  index  drilling  chuck. 

At  A  in  Pig.  19  is  shown  a  capstan-screw  and  the  transferring  bush- 
ing used  for  inserting  it  in  the  index  drilling  chuck.  This  screw,  as 
shown,  has  two  holes  drilled  clear  through  the  head  at  right  angles 
to  each  other.  The  transferring  bushing  consists  of  a  shell  a  which 
is  held  in  the  transferring  block.  Inserted  in  this  shell  is  a  spring 
plunger  h,  pressed  outward  by  a  coil  spring  e,  this  coil  spring  being 
retained  in  the  bushing  by  means  of  the  nut  d.    The  hole  in  the  spring 


<=^p^ 


CHUCK 


Maokiturv,  N.Y, 


Flff.  18.    Diaffnun  illustrating  the  Movament  of  the  Indezlnir 
and  Drilling  Lavara 

plunger  should  be  larger  in  diameter  than  the  body  of  the  screw,  sp 
that  the  work  can  be  inserted  easily  into  the  plunger.  The  type  of 
transferring  bushing  shown  at  A  is  suitable  for  capstan-screws  and 
similar  work. 

Another  transferring  bushing  for  holding  a  binding  post  is  sliown 
at  B.  This  bushing  differs  from  that  shown  at  A  in  that  it  is  provided 
with  a  spring  chuck  as  well  as  with  a  plunger.  The  reason  for  this 
was  that  the  piece  had  to  be  inserted  in  the  chuck  to  such  a  distance 
that  it  was  necessary  for  the  chuck  e  to  retreat  so  that  the  work 
could  be  inserted.  This  transferring  bushing  was  not  a  success  on  ac- 
count of  this  combination  arrangement  of  spring  chuck  and  plunger. 
Difficulty  was  encountered  with  the  spring  chuck  e.  because  of  the 
variations  in  the  diameter  of  the  stock.     When  the  stock  was  much 
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greater  in  diameter  than  the  hole  in  the  chuck,  the  chuck  was  forced 
back  into  the  holder  ao  that  the  work  was  not  held,  as  the  plunger  / 
kept  it  out. 

Owing  to  the  short  amount  of  grip  on  the  work,  it  had  to  fit  snugly 
in  the  bushing,  or  it  would  drop  out  while  being  transferred  from  the 
work  chuck  to  the  index  drilling  chuck.  To  overcome  this  difficulty 
several  methods  were  adopted.  First,  the  spring  g  was  made  stifTer, 
so  that  when  work  slightly  larger  than  the  hole  in  the  chuck  was  en- 
countered^ it  could  be  inserted  without  pushing  back  the  plunger.    This 
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,  ng.  lO.    B«pre«»ntatlT»  Tsrpes  of  ^ttatrntwring  Bnahinffs  and  thm  Work 
tbey  were  designed  to  hold 

overcame  the  difficulty  of  placing  the  work  in  the  chuck  e,  but  when 
the  latter  was  transferred  to  the  index  drilling  chuck,  the  work  could 
not  be  ejected  from  the  chuck.  The  spring  h  was  made  stifTer,  but  this 
brought  about  the  same  conditions  as  before,  and  prevented  the  work 
from  being  located  properly  in  the  chuck  e. 

This  type  of  bushing  was  finally  discarded  and  the  one  shown  at  C 
was  adopted..  This  bushing  consists  of  an  outer  sleeve  k,  as  before, 
in  which  is  screwed  a  stationary  holder  I.  A  chuck  m  Is  made  a  slid- 
ing fit  on  holder  /,  and  also  in  the  sleeve  A;,  and  is  pressed  outward  by 
a  spring  n.  This  spring  acts  against  a  washer  o,  which  is  beveled,  as 
shown,  to  reduce  the  friction,  thus  preventing  the  spring  from  being 
twisted  in  the  holder  when  work  of  larger  diameter  than  the  chuck  is 
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encountered,  causing  the  chuck  to  rotate.  The  hole  p  in  the  holder  Is 
made  slightly  larger  than  the  diameter  Q  on  the  work,  while  the  bole 
in  the  bushing  m  is  made  slightly  larger  than  the  -largest  diameter  of 
the  work.  The  holder  I  is  slabbed  on  both  sides  on  the  front  end»  as 
shown  in  the  end  view,  and  the  index  drilling  chuck  is  cut  out  so  tliat 
this  holder  can  be  inserted  in  it,  thus  carrying  the  work  right  into 
the  chuck.  This  bushing  proved  very  satisfactory,  both  as  regards 
gripping  the  work  and  inserting  it  in  the  chuck,  and  was  us^  on  tbe 
piece  shown  at  A  In  Fig.  14. 

A  transferring  bushing  of  a  different  type  is  shown  at  2>.  Tbis 
bushing,  instead  of  passing  over  the  work,  has  a  plunger  r  which  Is 
inserted  in  a  hole  in  the  work.  This  plunger  is  slotted,  as  shown,  and 
a  flat  spring  s  is  held  to  it  by  a  screw.  Spring  s  is  curved  and  rounded 
so  that  it  fits  snugly  in  the  work.  The  plunger  r  is  held  out  by  a  coil 
spring  U  and  Is  retained  by  a  pin  u.  A  small  pin  v,  driven  into  tbe 
plunger  and  fitting  in  a  slot  cut  in  the  bushing,  prevents  the  plunger 
from  rotating.  As  shown  in  the  illustration,  this  bushing  is  not  tapered 
on  the  shank,  but  is  perfectly  straight,  so,  obviously,  a  special  trans- 
ferring block  had  to  be  made  to  hold  It. 

Another  type  of  transferring  bushing  is  shown  at  E.  This  bushing' 
has  a  marked  resemblance  to  that  shown  at  B,  but  grives  satisfaction 
because  of  the  character  of  the  work.  The  hole  in  the  chuck  a,  could 
be  made  larger  than  the  diameter  of  the  work,  and  still  the  latter 
would  not  drop  out;  thus  the  difficulty  of  inserting  the  work  in  the 
chuck  is  overcome.  The  hole  in  the  plunger  &,  to  which  the  chuck  is 
attached  is  made  larger  than  the  teat  or  threaded  part  on  the  work. 
A  spring  plunger  r,  is  used  for  inserting  the  woYk  in  the  index  drill- 
ing chuck.  Obviously,  there  are  a  number  of  different  types  of  trans- 
ferring bushings  used,  but  as  those  shown  incorporate  the  principal 
features  of  bushings  of  this  type,  it  would  seem  that  any  further  de- 
scriptions are  unnecessary. 
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BURRING  ATTACHMENTS 

Quite  frequently  it  is  found  necessary  to  drill  holes  in  both  ends 
of  a  piece  of  work.  This  cannot  be  done  while  the  piece  is  attached 
to  the  bar,  but  necessitates  rehandling  the  work.  The  Brown  &  Sharpe 
Mfg.  Co.  has  designed  what  is  called  a  "burring"  attachment,  which  is 
used  in  connection  with  its  automatic  screw  machines  for  drilling  and 
chamfering  holes  in  both  ends  of  the  work. 

A  front  view  of  the  burring  attachment  fastened  on  a  No.  00  Brown 
&  Sharpe  automatic  screw  machine  is  shown  in  Fig.  20.  Fig.  21 
shows  a  rear  view,  while  Fig.  22  shows  plan,  end  and  sectional  views. 


Vig,  so.    Front  View  of  No.  CO  Brown  A  Sharpe  Autonubtic  Borew  Machine 
eqali>ped  with  a  Barring  Attcbchment 

respectively.  The  attachment  consists  essentially  of  a  cast-iron  base 
A,  provided  with  bearings  B,  in  which  a  spindle  C  is  free  to  rotate, 
being  driven  by  the  two-stepped  cone  pulley  D.  The  bosses  B  are  pro- 
vided with  phosphor-bronze  sleeves  E  and  a  thrust  washer  F.  The 
nut  O  is  provided  for  taking  care  of  the  end  play  of  the  spindle.  The 
burring  tool  is  held  in  a  bushing  H,  fitting  in  the  nose  of  the  spindle 
(7,  and  is  furnished  with  a  clamping  block  /  acted  upon  by  a  set- 
screw  J, 

This  burring  attachment  can  be  adjusted  to  and  from  the  machine 
by  means  of  the  collar-head  screw  K,  and  the  top  part  of  the  attach- 
ment can  be  adjusted  on  its  base  in  a  plane  with  the  axis  of  the 
spindle,  by  means  of  the  collar-head  screw  L.  The  standard  work- 
holder  M  is  shown  in  section  in  Fig.  22,  and  more  clearly  in  Fig.  26, 
to  which  reference  should  now  be  made.    Here  A  is  the  chuck,  slotted 
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and  spring  tempered,  B  the  chuck-closing  dleeve  and  C  the  ejector. 
The  chuck-closing  sleeve  is  operated  by  means  of  a  lever  D,  which  is 
acted  upon  by  pin  E,  To  close  the  chuck,  the  arm  N,  Fig.  22,  is  made 
to  dwell  in  an  intermediate  position  between  the  work-spindle  and  the 
burring  spindle,  or,  in  other  words,  directly  in  front  of  the  chuck-clos- 
ing device  0.  The  arm  N  is  then  advanced,  when  the  device  0  forces 
the  sleeve  B  onto  the  chuck  A,  thus  closing  the  latter  on  the  work. 

The  chuck  A,  Fig.  26,  which  is  screwed  Into  the  transferring  block, 
is  opened  by  means  of  the  pin  E  coming  in  contact  with  the  end  of 
the  rod  P  held  in  the  burring  head  by  a  set-screw  Q,  see  Fig.  22.  When 
pin  E  comes  in  contact  with  rod  P,  the  former  forces  back  lever  D. 
which,  in  turn,  releases  the  chuck-closing  sleeve  B  and  allows  the 
chuck  to  expand,  thus  facilitating  the  removal  of  the  work.    The  work 


Flff.  81.    Recu*  View  of  th«  Burring  Atteobment  placed  on  a  No.  OO 
Brown  A  Sharpe  Automatic  Screw  Machine 

is  removed  by  means  of  the  plunger  (7,  which  comes  in  contact  with 
the  finger  R,  Fig.  22,  when  the  arm  N  drops  back.  This  finger  is  held 
by  a  set-screw  on  a^  square  rod  8,  which,  in  turn,  is  fastened  to  the 
base  of  the  burring  attachment 

Referring  now  to  the  view  to  the  right  in  Fig.  22,  the  transferring 
arm  N  is  made  to  dwell  in  an  intermediate  position  by  the  combined 
action  of  the  two  cams — transferring  and  burring — and  the  two  springs 
Ai  and  B^.  The  transferring  lever  C,  is  fulcrumed  on  the  stud  D^  and 
works  in  a  slot  In  the  connecting  link  Ei.  The  link  £?„  In  turn.  Is 
connected  to  a  slotted  block  F„  which  Is  fastened  to  the  transferring 
arm  shaft  by  a  cone-pointed  set-screw,  not  shown.  The  spiral  spring  A, 
bears  against  the  face  of  the  transferring  lever  d,  the  transferring 
lever  being  held  to  the  link  E^  by  means  of  the  fillister  head  screw  Gj 
and  two  check  nuts  H,.  The  spring  B^  Is  used  to  keep  the  roll  in  the 
lever  C,  In  contact  with  the  transferring  cam,  while  the  spring  A,  Is 
used  to  steady  the  transferring  arm.  When  the  set-screw  In  the  arm  N 
comes  In  contact  with  the  square  rod  8,  the  lever  C,  continues  corn- 
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pressing  the  spring  A„  thereby  keeping  a  tension  on  the  arm  :V  while 
the  burring  operation  is  being  performed.  The  spring  B^  is  fastened 
to  the  link  E^  and  to  the  tray  or  bracket-holder  for  the  transferring 
arm  rod.  The  height  of  the  lobe  on  the  transferring  cam  governs  the 
angular  position  of  the  arm  "S. 

Layingr  out  Cross-slide  and  Lead  Cams  for  Burringr  Operation 
The  same  remarks  which  were  made  in  the  previous  chapter  in  re- 
gard to  laying  out  cross-slide  cams  for  cross-drilling  operations  apply 
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Flff.  as.    Lead  and  Oroas-sUde  Oaxna  for  Maklns'  »  Onne-polnted  Batvw 
bavinff  a  Hole  drilled  \n  the  Rear  Bnd 

to  the  laying  out  of  cross-slide  cams  for  burring  operations,  it  being 
absolutely  necessary  to  leave  sufficient  clearance  for  the  ajm  to  ascend 
and  descend  to  and  from  the  work-spindle.  The  character  of  the  work 
and  the  shape  and  size  of  the  work-holder  also  play  an  important  part 
in  regard  to- the  amount  of  clearance  necessary.  This,  of  course,  has  to 
be  worked  out  for  each  Individual  case.  To  illustrate  clearly  the 
method  of  designing  a  set  of  cams  for  an  ordinary  burring  opera- 
tion, we  will  lay  out  a  complete  set  of  cams  for  producing  the  cone- 
pointed  screw  shown  at  A  In  Fig.  23.  As  can  be  seen  a  No.  51  drill 
hole  is  to  be  produced  in  the  rear  end  of  this  screw,  which  without  the 
use  of  this  attachment  would  necessitate  rehandling  the  work  and 
performing  a  second  operation  on  it. 
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this  is  that  the  turret  is  not  revolved,  but  is  just  advanced  to  gage  the 
stock  to  length. 

Laying  out  the  Tranaferring  and.  Burring  Cams-  > 
Before  proceeding  to  lay  out  the  transferring  and  burring  cams,  a 
diagram  similar  to  that  shown  in  Fig.  24  should  be  made.  Here  the 
work-chuck,  chuck-closing  device,  burring  tool  and  chuck-opening  pin 
should  be  laid  out  in  their  respective  positions,  an'd  the  angular  move- 
ment of  the  arm  from  one  point  to  the  other  should  be  determined. 
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Fig.  26.    Tnuosferrinff  and  Burring  Cams  for  th«  Pieo«  shown 
at  A  In  Flff.  28 

A  good  method  for  obtaining  tne  angular  movement  of  the 'arm  A 
is  shown  in  Fig.  24.  All  those  parts  which  are  designated  by  full  lines 
are  drawn  in;  then  make  a  templet  of  the  arm  A,  work-holder  B  and 
slotted  block  C,  on  tracing  cloth.  Now  by  pivoting  this  templet  on 
the  center  of  the  transferring  arm  rod,  and  swinging  it  around  to  he 
various  positions,  the  lines  D,  E,  F  and  O  can  be  drawn  which  repre- 
sent the  center  of  the  slot  in  the  block  C,  when  the  arm  is  swung  to 
the  various  positions.  Next  draw  the  circles  H  and  /,  representing  the 
largest  and  smallest  diameters  of  the  transferring  cam,  after  which  a 
templet  of  the  transferring  lever  J  and  connecting  link  K  should  be 
made  on  tracing  cloth.' 
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As  was  previously  mentioned,  the  lever  J  should  compress  the  spring 
A„  see  Fig.  22,  when  the  set-screw  L  touches  the  square  rod  M,  thus 
steadying  the  arm  during  the  burring  operation.  To  provide  for  this 
the  nuts  N  are  adjusted,  so  that  the  spring  A,  will  bear  the  weight  of 
the  arm  A.  To  proceed,  pivot  the  templet  of  the  transferring  lever  and 
connecting  link  on  the  center  of  the  stud  0,  swing  the  templet  so 
that  the  center  of  the  pin  P  comes  in  line  with  the  lines  E  and  F, 
respectively,  and  draw  circles  Q  and  R  representing  the  heights  of  the' 
lobes  for  closing  and  opening  the  chuck.  Care  should  be  taken  in  lay- 
ing out  the  lobes  to  lift  the  arm  from  the  chuck-closing  device  to  the 
chuck-opening  pin,  as  the  space  between  the  two  members  is  not  ad- 
justable.   As  the  spring  A„  see  Fig.  22,  is  compressed  further  when 


Flff.  86.    Standard  Work-bolder  used  In  OoiiBeotlo&-  with  the 
Borrinff  Attaohment 

the  arm  A  is  in  the  "up  position"  than  when  it  is  in  the  "down  posi- 
tion," It  is  necessary  to  start  swinging  the  arm  A  from  the  work- 
chuck,  and  to  proceed  towards  the  burring  tool.  It  will  be  found  that 
the  roll  in  the  lever  J  will  fall  below  the  largest  diameter  of  the  cam, 
when  the  arm  is  in  line  with  the  burring  tool;  this  allows  the  spring 
Ai  to  be  compressed  and  thus  steady  the  arm. 

To  obtain  the  heights  of  the  lobes  on  the  burring  cam,  a  diagram 
similar  to  that  shown  in  the  upper  view  of  Fig.  24,  should  be  made. 
The  burring  tool  should  be  drawn  in  position,  as  well  as  the  work  in 
the  work-chuck.  The  chuck-closing  device  8,  and  chuck-opening  pin  T 
are  adjustable  within  a  considerable  range,  but  it  is  best  to  work  from 
a  setting  which  will  be  most  convenient  to  the  burring  tool  and  work. 

The  method  used  in  obtaining  the  heights  of  the  lobes  on  the  ad- 
vancing cam  was  described  in  connection  with  Fig.  11,  Reference  Book 
No.  100  (Part  II  of  this  treatise),  while  the  proper  procedure  to  fol- 
low in  laying  out  the  lobes  on  the  transferring  cam  in  their  correct 
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relation  to  the  lobes  on  the  advancing  cam  was  described  in  connection 
with  Fig.  12  in  the  same  book.  The  diagrammatical  method  used  in 
laying  out  the  transferring  and  advancing  cams  for  the  Nos.  0  and  3 
B.  &  S.  automatic  screw  machines  was  illustrated  in  Fig.  14  of  Ref- 
erence Book  No.  100. 

The  transferring  and  burring  cams  used  in  connection  with  the 
piece  shown  at  A  in  Fig.  23  are  shown  in  Fig.  25,  as  is  also  a  sectional 
view  of  the  worjc-holder  with  the  work  in  position.  The  order  of  oper- 
ations for  making  the  piece  is  as  follows: 

Lead  and  CroBS- slide  Cams 
Operations  Revdutkms       Handredths 

Feed  stock  to  stop   12  5 

Revolve  turret  and  reverse  spindle 24  10 

Thread  on    21.6  9 

Thread   off   21.6  9 

Revolve   turret    24  10 

Point,  0.015  inch  rise  at  0.0008  inch  feed,  dwell 

0.10   21.6  9 

Form,  0.045  inch  rise  at  0.0011  inch  feed,  dwell 

0.10    (55.2)  (23) 

Cut  off,  0.125  Inch  rise  at  0.0013  inch  feed,  dwell 

0.10,  and  revolve  turret  four  times 98.4 -f  4.8     41  +  2 

Clearance  to  bring  down  arm .'. 12  5 

Total    ,.       240  100 

Transferring  and  Burring  Cams 
Operation!  Revolutiona       Hundredths 

Drill  and  countersink,  0.070  inch  rise  at  0.00162 

inch  feed,  dwell   0.20 48  20 

Drop   back   with   piece    7.2  3 

Rotate  to  open  chuck 28.8  12 

Dwell  on  burring  cam  to  open  chuck 2.4  1 

Drop  back  to  eject  piece 10.7  4% 

Drop  down  to  grip  work 36  15 

Dwell  with  arm  before  advancing 4.8  2 

Advance  on  work    21.6  9 

Raise  arm  to  close  chuck 26.4  11 

Advance  arm  to  close  chuck ^     9.6  4 

Close  chuck 2.4  1 

Rotate  to  burring  spindle 19.2  8 

Referring  to  Fig.  25,  the  lobe  A  on  the  burring  cam  moves  the  arm 
forward  to  close  the  chuck,  and  during  this  period  the  transferring 
arm  roll  is  on  the. "dwell"  on. the  lobe  B  of  the  transferring  cam.  The 
springs  previously  referred  to  steady  the  arm  when  in  this  inter- 
mediate position,  but  on  account  of  this  undependable  method  of 
steadying  the  arm,  it  is  not  advisable  to  make  a  piece  in  less  than 
three  seconds  on  the  No.  00  B.  &  S.  automatic  screw  machine. 

Work-holders  and  Chuck- closing  Devices 

The  standard  work-holder  furnished  in  connection  with  the  burring 
attachment  is  shown  in  detail,  connected  to  the  arm  'S,  in  Fig.  2^ 
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where  its  construction  can  be  clearly 
work-holder  has  been  described,  but  it 
a  few  more  particulars  regarding  it  ' 
is  made  equal  to  the  maximum  dian 
closing  sleeve  B  is  made  with  a  tapi 
the  taper  being  about  ten  degrees,  and 
a  pin  F  fits,  preventing  the  sleeve  fn 
is  also  cut  out  to  receive  the  ball  en( 
for  releasing  it  from  the  chuck,  thus 
out  by  the  plunger  C.  The  lever  D,  s 
by  means  of  the  headed  pin  E. 


Flff.  27.    A  Work-holder  c 

Another  type  of  work-holder,  whicl 
piece,  is  shown  in  Fig.  27.  This  was  fc 
which,  as  can  be  seen,  could  not  be  % 
shown  in  Fig.  26  on  account  of  the  en 
being  tapered  and  threaded,  thus  prev< 
it  securely.  The  work-holder  consists 
block  B  of  the  shape  shown,  which  is  f 
by  a  cap-screw.  This  block  is  provid 
are  drilled  for  the  work-holder  C,  locat 
The  locating  pin  D  comes  in  contact  wi 
thus  prevents  the  work  from  turning 
The  work-holder  C  is  driven  into  the 
E  pass  through  the  block  B,  on  the  fo 
an  ejecting  block  F,  forming  a  link  c 
rear  ends  of  these  studs  are  also  provi 
by  nuts  U,  An  adjustable  pin  I  locatt 
the  set-screw  J.  This  pin  /  comes  in 
22.  and  ejects  the  work  after  it  has  \i 
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The  standard  chuck-closing  device  provided  with  the  burring  attach- 
ment shown  at  0,  Fig.  22,  is  shown  more  clearly  at  A  in  Fig.  28.  It 
consists  of  a  body  ft 'provided  with  a  slot  c  in  its  front  end  through 
which  the  chuck  passes  on  its  transit  from  the  work-spindle  to  the 
burring  tool.  The  body  b  is  counterbored  to  receive  the  spring  plunger 
d,  which  Is  acted  upon  by  the  spiral  spring  e.  The  plunger  is  adjusted 
by  means  of  the  check-nuts  /,  and  forces  the  work  into  the  chuck 
against  the  ejecting  pin  C,  see  Fig.  26. 

A  special  locating  device  used  in  connection  with  the  work-holder 
shown  in  Fig.  27  is  shown  at  B,  Fig.  28.  This  device  consists  of  a 
body  g,  which  fits  in  the  clamping  bracket  T  on  the  burring  attachment 
(see  Fig.  22).    The  device  is  provided  with  a  spring  plunger  h  acted 
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Fig.  28.    Standard  Obuck-olooer,  and  Device  for  Locating*  Work 
on  the  Holder  shown  in  Fig.  27 

upon  by  the  spring  t,  and  is  retained  in  the  holder  by  means  of  pin  ;. 
This  plunger  k  is  used  for  forcing  the  work  onto  the  pin  C,  Fig.  27. 
The  plunger  fc,  which  rotates  the  work  on  the  work-holder,  and  thus 
locates  it  correctly  against  pin  D,  is  held  in  a  bushing  I  counterbored 
to  receive  &  spring,  and  is  retained  in  the  holder  by  means  of  the  pin  n. 
The  bushing  itself  is  held  in  the  holder  by  means  of  the  set-screw  o. 

Burringr  Tools  and  Holders 

The  type  of  burring  tool  and  holder  used  in  the  burring  attachment 
is  governed  entirely  by  the  work  it  is  to  perform.  In  Fig.  29  are 
shown  a  few  representative  types  of  burring  tools  and  their  respective 
holders.  A  is  the  burring  tool  used  for  burring  the  piece  shown  at  A 
in  Fig.  27.  This  is  made  from  round  drill  rod,  as  shown,  and  is  pro- 
vided with  a  leader  fitting  in  the  work,  the  cutting  face  being  tapered 
to  the  required  angle.  The  type  of  burring  tool  and  holder  used  for 
drilling  and  countersinking  the  screw  shown  at  A  in  Fig.  23,  is  shown 
at  B.  The  holder  a  is  made  to  fit  in  the  burring  spindle,  and  is  slotted 
out  to  receive  the  clamping  block  6.    A  combination  drill  and  counter- 
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sink  c  of  the  required  shape  and  dial 
means  of  a  set-screw  bearing  on  the 
of  the  holder  is  counterbored  to  rece 
is.  also  provided  with  two  slots  d  whli 
Another  type  of  burring  tool,  and  t 
shown  at  C  In  this  case  the  burring  1 
tool,  being  made  to  fit  the  hole  in  t 
provided  with  a  leader  e  to  fit  the  woi 
rear  end  to  suit  the  holder  and  held 


Fiff.  29.    V»rtoua  Tsrp**  of  Burrlnff  To 

Three  views  of  still  another  type  c 
shown  at  D  and  E,  This  holder  and  to 
fering  the  inside  and  outside  of  tubing 
similar  to  a  circular  form  tool  except 
held  in  the  holder  p  on  a  stud  h,  wh! 
and  is  provided  with  a  nut  i  for  locking 
stud  carrying  the  circular  tool  is  slott 
can  be  adjusted,  thus  bringing  the  tool 
fer  the  inside  and  outside  of  the  work. 

The  circular  tool  I  is  held  on  the  si 
washer  k.  The  front  end  of  the  holder 
which  fits  the  external  diameter  of  tb 
a  headless  screw  as  shown.     "vVhen  d 
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preferable  to  lay  out  the  work  on  a  large  scale,  about  10  to  1,  and  from 
this  obtain  the  diameter  of  the  tool,  and  the  distance  it  is  to  be  cut 
down  below  the  center,  so  that  the  tool  will  clear  and  not  rub,  which 
would  tend  to  produce  a  poor  finish  on  the  work.  The  depth  of  the 
recess  n  should  only  be  a  few  thousandths  greater  than  the  length  of 
chamfer  required  on  the  work,  because  the  greater  the  depth  n,  the 
smaller  the  diameter  of  the  tool,  and  also  the  smaller  the  amount  of 
tool  circumference  that  can  be  utilized  for  cutting.  From  the  diagram 
the  location  of  the  stud  h  can  also  be  obtained. 

Speeds  and  Feeds  for  Burrlngr 

The  speeds  used  for  burring  when  the  tools  are  made  from  ordinary 
carbon  steel  should  be  similar  to  those  used  for  drills,  a  table  of 
which  was  given  in  Machinery's  Reference  Book  No.  103,  "Internal 
Cutting  Tools  for  the  Brown  &  Sharpe  Automatic  Screw  Machines," 
The  feeds  used  when  the  burring  tool  is  smaller  in  diameter  than  ^ 
inch  should  never  be  greater  than  0.003  inch  for  brass,  0.002  inch  for 
machine  steel,  and  0.001  Inch  for  tool  steel.  The  feeds  should  also  be 
decreased  near  the  end  of  the  cut,  and  a  dwell  equal  to  at  least  three 
revolutions  of  the  burring  tool  should  be  allowed  on  the  burring  cam. 
When  the  burring  tool  is  %  inch  or  greater,  the  same  feeds  as  those 
used  for  -centering  tools,  given  in  the  article  previously  referred  to, 
can  be  used  with  satisfactory  results. 
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OUTLINE   OP  A   COURSE    IN   SHOP  AND   DRAFTING-ROOM 
MATHEMATICS,  MECHANICS,  MACHINE  DESIGN 
AND  SHOP  PRACTICE 

Any  intelligent  man  engaged  in  mechanical  work  can  acquire  a  well-rounded 
mechanical  education  by  using  as  a  guide  in  his  studies  the  outline  of  the 
course  in  mechanical  subjects  given  below.  The  course  is  laid  out  so  as  to 
roake  it  possible  for  a  man  of  little  or  no  education  to  go  ahead,  beginning 
w^herever  he  finds  that  his  needs  begin.  The  course  is  made  up  of  units  so  that 
it  may  be  followed  either  from  beginning  to  end;  or  the  reader  may  choose 
any  specific  subject  which  may  be  of  especial  importance  to  him. 


Preliminary  Course  in  Arithmetic 
Jig  Sheets  1A  to  5A: — Whole  Num- 
1>ers:      Addition,    Subtraction,     Multi- 
plication, Division,  and  Factoring. 

Jig  Sheets  6 A  to  15 A: — Common 
Fractions  and  Decimal  Fractions. 

Shop  Calculations 

Reference  Series  No.  18.  Shop 
Arithmetic  for  the  Machinist. 

Reference  Series  No.  52.  Advanced 
Shop  Arithmetic  for  the  Machinist. 

Reference  Series  No.  53.  Use  of 
Logarithmic  Tables. 

Reference  Series  Nos.  54  and  55. 
Solution  of  Triangles. 

Data  Sheet  Series  No.  16.  Mathe- 
matical Tables.  A  book  for  general 
reference. 

Draftingr-room  Practice 
Reference   Series  No.   2.     Draftino- 

BOOM  Practice. 
Reference    Series    No.  8.     Working 

Drawings  and  Drafting-room   Kinks. 
Reference   Series  No.   33.     Systems 

AND  Practice  of  the  Drafting-room. 

Oeneral  Shop  Practice 

Reference  Series  No.  10.  Examples 
of  Machine  Shop  Practice. 

Reference  Series  No.  7.  Lathe  and 
Planer  Tools. 

Reference  Series  No.  25.  Deep  Hole 
Drilling. 

Reference  Series  No.  38.  Grinding 
AND  Grinding  Machines. 

Reference  Series  No.  48.  Files  and 
Filing. 

Reference  Series  No.  32.  Screw 
Thread  Cl^iting. 

Data  Sheet  Series  No.  1.  Screw 
Threads.  Tables  relating  to  all  the 
standard   systems. 

Data  Sheet  Series  No.  2.  Screws, 
Bolts  and  Nuts.    Tables  of  standards. 

Data  Sheet  Series  Nos.  10  and  11. 
Machine  Tool  Operation.  Tables  re- 
lating to  the  operation  of  lathes,  screw 
machines,   milling  machines,   etc. 

Reference  Series   Nos.    50    and   51. 


Principles    and    Practice   of    Assem- 
bling Machine  Tools. 

Reference  Series  No.  57.  Metal 
Spinning. 

Jigrs  and  Fixtures 

Reference  Series  Nos.  41,  42  and  43. 
Jigs  and  Fixtures. 

Reference  Series  No.  3.    Drill  Jigs. 

Reference  Series  No.  4.  Millinq 
Fixtures. 

Punch  and  Die  Work 

Reference  Series  No.  6.  Punch  and 
Die  Work. 

Reference  Series  No.  13.  Blanking 
Dibs. 

Reference  Series  No.  26.  Modern 
Punch  and  Die  Construction. 

Tool  Making: 

Reference  Series  No  64.  Gage 
Making  and  Lappi.xg. 

Reference  Series  No.  21.  Measur- 
ing Tools. 

Reference  Series  No.  31.  Screw 
Thread  Tools  and  Gages. 

Data  Sheet  Series  No.  3.  Taps  and 
Threading  Dies. 

Data  Sheet  Series  No.  4.  Reamers, 
Sockets,  Di^lls,  and  Milling  Cutters. 

Hardeningr  and  Tempering: 
Reference   Series   No.   46.     Harden- 
ing AND  Tempering. 

Reference  Series  No.  63.  Heat 
Treatment  of  Steel. 

Blacksmith  Shop  Practice 
and  Drop  Forgringr 

Reference  Series  No.  44.  Machine 
Blacksmithing. 

Reference  Series  No.  61.  Black- 
smith Shop  Practice. 

Reference  Series  No.  45.  Drop  Forc- 
ing. 

Automobile  Construction 

Reference  Series  No.  59.  Machines, 
Tools  and  Methods  of  Automobile 
Manufacture. 

Reference  Series  No.  60.  Construc- 
tion AND  Manufacture  of  Automo- 
biles. 
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Theoretical  Mechanics 
Reference  Series  No.  5.    First  Prin- 
ciples OF  Theoretical  Mechanics. 

Reference  Series  No.  19.  Use  of 
Formulas  in  Mechanics. 

Oearingr 

Reference  Series  No.  15.  Spur 
Gearing. 

Reference  Series  No.  37.  Bevel 
Gearing. 

Reference  Series  No.  1.  Worm 
Gearing. 

Reference  Series  No.  20.  Spiral 
Gearing. 

Data  Sheet  Series  No.  5.  Spur 
Gearing.  General  reference  book  con- 
taining tables  and  formulas. 

Data  Sheet  Series  No.  6.  Bevel, 
Spiral  and  Worm  Gearing.  General 
reference  book  containing  tables  and 
formulas. 

General  Machine  Deeign 

Reference  Series  No.  9.  Designing 
AND  Cutting  Cams. 

Reference  Series  No.  11.     Bearings. 

Reference  Series  No.  56.  Ball 
Bearings. 

Reference  Series  No.  58.  Helical 
AND  Elliptic  Springs. 

Reference  Series  No.  17.  Strength 
OF  Cylinders. 

Reference  Series  No.  22.  Calcula- 
tions OF  Elements  of  Machine  De- 
sign. 

Reference  Series  No.  24.  Examples 
OF  Calculating  Designs. 

Reference  Series  No.  40.  Fly- 
wheels. 

Data  Sheet  Series  No.  7.  Shafting, 
Keys  and  Keyways. 

Data  Sheet  Series  No.  8.  Bearings, 
Couplings,  Clutches,  Crane  Chain 
AND  Hooks. 

Data  Sheet  Series  No.  9.  Springs, 
Slides  and  Machine  Details. 

Data  Sheet  Series  No.  19.  Belt, 
Rope  and  Chain  Drives. 

Machine  Tool  Design 
Reference   Series   No.    14.     Details  i 

of  Machine  Tool  Design. 
Reference  Series  No.  16.     Machine 

Tool  Drives. 

Crane  Design 

Reference  Series  No.  23.  Theory  of 
Crane  Design. 

Reference  Series  No.  47.  Design 
of  Electric  Overhead  Cranes. 

Reference  Series  No.  49.  Girders 
FOR  Electric  Overhead  Cranes. 


Steam  and  Gas  Bngino  Deai^n 

Reference  Series  Nos.  67  to  72,  in- 
clusive. Steam  Boilers,  C^ginib^ 
Turbines  and  Accessories. 

Data  Sheet  Series  No.  15.  Heat, 
Steam,  Steam  and  Gas  Exgixes. 

Data  Sheet  Series  No.  13.  Boilers 
AND  Chimneys. 

Reference  Series  No.  65.  Formulas 
AND  Constants  for  Gas  Bi^gixe  De- 
sign. 

Special  Course  in  Locomotive  Design 

Reference  Series  No.  27.  Boilers, 
Cylinders,  Throttle  Valve,  Piston 
AND  Piston  Rod. 

Reference  Series  No.  28.  Thbqbt 
AND  Design  of  Stephenson  and  Wal- 
scHAERTS  Valve  Motion. 

Reference  Series  No.  29.  Smoke- 
box,  Frames  and  Driving  Machinebt. 

Reference  Series  No.  30.  Springs, 
TRUCKS,  Cab  and  Tender. 

Data  Sheet  Series  No.  14.  Locomo- 
tive AND  Railway  Data. 

Dynamos  and  Motors 
Reference  Series  No.  34.    Care  and 
Repair  op  Dynamos  and  Motors. 

Data  Sheet  Series  No.  20.  WmiNO 
Diagrams,  Heating  and  Ventilation. 
AND  Miscellaneous  Tables. 

Reference  Series  Nos.  73  to  78,  in- 
clusive. Principles  and  Applications 
OF  Electricity. 

Heatinff  and  Ventilation 
Reference    Series    No.    39.      Fans, 

Ventilation  and  Heating. 
Reference   Series  No.   66.     Heating 

AND  Ventilating  Shops  and  Offices. 
Data  Sheet  Series  No.  20.     Wirino 

Diagrams,  Heating  and  Ventilation, 

AND  Miscellaneous  Tables. 

Iron  and  Steel 
Reference  Series  No.  36.     Iron  and 
Steel. 

Reference  Series  No.  62.  Testlxo 
the  Hardness  and  Durability  of 
Metals. 

General  Reference  Books 
Reference   Series    No.    35.     Tables 
AND  Formulas  for  Shop  and  Dbah- 

ING-ROOM. 

Data  Sheet  Series  No.  12.  Pipe  a5d 
Pipe  Fittings. 

Data  Sheet  Series  No.  17.  Mechak- 
ics  AND  Strength  of  Materials. 

Data  Sheet  Series  No.  18.  Beak 
Formulas  and  Structural  Design. 

Data  Sheet  Series  No.  20.  Wntura 
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the  methods  employed  in  producing  extruded  shapes  as  secret  processes. 
Like  many  other  methods,  however,  they  are  secret  in  name  only,  and 
the  details  can  always  be  obtained  by  those  who  make  a  study  of  this 
subject. 

HlBtorical  Review 

The  first  patents  on  record  were  taken  out  in  England  in  1797.  Like 
the  die-casting  process,  the  extrusion  process  started  by  using  lead 
for  the  metal  to  be  extruded.  Lead-tin  alloys  were  used  later,  and 
these  developed  into  the  lead-tin-antimony  compositions  that  are  used 
for  type  and  anti-friction  metals,  and  led  the  way  to  the  copper-zinc 
alloys  that  may  contain  small  percentages  of  aluminum,  lead,  nickel, 
iron  or  other  ingredients. 


Fiff.  7.    ICaohine  for  Mftklng  Lead  Sheets 

One  of  the  first  forms  of  extrusion  machines  is  shown  in  Pig.  6.  In 
this  the  cylinder  was  packed  full  of  lead  and  the  whole  heated  so  that 
the  hand-screw  would  squirt  the  lead  out  at  the  end  In  the  form  of  a 
lead  rod  of  the  shape  or  size  desired.  The  lead-tin  alloys  used  for 
soldering  were  made  into  rods  in  a  similar  manner.  The  next  step  was 
to  put  a  rod  in  the  center  of  the  plunger  as  shown  in  Pig.  6.  This 
rod  partly  filled  the  opening  through  which  the  metal  passed,  so  that 
the  latter  was  extruded  in  the  shape  of  a  tube.    This  simple  tool  was 
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enlarged  and  developed  into  a  power-driven  machine,  and  used  in  the 
manufacture  of  lead  pipe.  The  machine,  still  further  enlarged,  was 
used  for  making  very  large  lead  pipe,  which,  after  it  left  the  macliine, 
was  split  longitudinally  and  straightened  out  into  lead  sheets. 

Later,  special  machines  were  designed  for  making  lead  sheets  in  a 
different  manner.  In  1847,  J.  Robertson  designed  the  machine  shown 
in  Fig.  7.  In  this,  the  opening  at  A  was  filled  with  lead  and  plunger  B 
was  forced  down  into  it,  causing  the  lead  to  rise  on  both  sides  in  thin 
sheets  as  shown  at  C  This  machine  was  improved  by  making  plunger 
B  entirely  fill  opening  A  and  cutting  a  slot  at  D  to  allow  the  lead  sheet 
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Flff.  9.    Device  Cor  Maklnir  Lead  Traps 

to  come  out  at  the  bottom.  Still  later,  the  machine  was  made  horizontal 
and  dies  inserted  at  D,  so  that  the  sheets  could  be  more  easily  handled 
and  sheets  of  different  thicknesses  made  by  inserting  different  dies. 

In  1863  tin-lined  pipe  was  made  by  placing  a  hollow  ingot  of  tin 
inside  of  a  hollow  lead  ingot  and  forcing  both  through  the  die  as  shown 
in  Fig.  2.  In  this,  A  is  the  hollow  lead  ingot;  C,  the  hollow  tin  ingot; 
By  the  die;  and  D,  the  ram  that  forces  the  metal  through  the  die. 
Prervious  to  this,  lead  pipe  was  lined  with  tin  by  melting  it  inside  of 
the  pipe,  but  it  was  very  difficult  to  make  the  tin  cover  the  whole 
interior  of  the  pipe,  and  it  would  be  likely  to  form  lumps  and  bs 
unequal  in  thickness.    While  the  new  method  overcame  this  trouble,  ft 
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presented  other  diflOculties  due 
Therefore,  the  lead  ingots  were 
Fig.  3,  and  the  tin  ingots  were 
them  fit  the  inside  of  the  lead 
was  due  to  the  uneven  heating 
shown  in  Fig.  4,  so  that  steam 
them.  In  this  way  the  die  coi 
perature  before  starting  to  mak( 
ture  while  running. 
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Flffs.  lO  and  1 1 .    Other  Devlcea 
trtulad  Shape  use< 

In  1869,  A.  H.  Hamon  of  Pari 
shown  in  Fig.  8  for  manufactur 
ingot  that  surrounded  the  hollo 
at  A,  and  ram  D  was  operated  i 
and  the  opening  at  B,  where  it 
air  or  steam  was  sent  through 
correct  temperature  for  extru^ 
melting  point  of  the  tin,  but  v 
that  it  could  easily  be  extr\x^ 
tlcally  the  same  as  that  of  «.  ^^ 
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Some  details  have  been  improved,  however,  and  metals  of  a  higher 
melting  temperature  can  be  extruded.  Thus,  some  of  the  more  plastic 
brasses  are  now  made  into  commercial  shapes. 

In  1873,  Robert  Cunningham  patented  a  device  for  making  curved  pipe 
for  water  traps,  and  a  re-issue  of  this  patent  was  granted  in  1881.  This 
device  is  shown  In  Fig.  9.  It  can  be  attached  to  any  machine  that  con- 
tains hot  lead  and  the  required  mechanism  for  squirting  the  lead 
through  it.  The  diaphragm  A  moves  back  and  forth  through  case  B, 
Its  center  hole  will  thus,  at  times,  be  eccentric  with  the  Interier  open- 
ing of  the  case,  and,  thereby,  control  the  volume  of  metal  that  passes 
through  this  opening  on  difTerent  sides.  When  the  hole  in  the  dia- 
phragm is  central  with  the  case,  the  volume  of  metal  that  passes  througrh 
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on  all  sides  of  core  C  will  be  equal,  and  the  extruded  pipe  will  be 
straight,  as  shown  in  the  upper  right-hand  corner  of  the  illustration. 
When  the  diaphragm  is  moved  to  the  left,  however,  the  largest  volume 
of  metal  will  pass  on  the  left-hand  side  of  core  (7,  and  the  pipe  will 
curve  to  the  right,  as  shown  in  the  lower  left-hand  view.  When  dia- 
phragm A  is  pushed  to  the  right,  the  volume  of  metal  will  be  largest 
on  the  right-hand  side,  and  the  pipe  will  curve  in  the  opposite  direc- 
tion. Thus,  by  pushing  this  diaphragm  to  the  right  and  left  the  re- 
quired distance,  traps  can  be  made  as  shown  in  the  lower  right-hand 
view,  and  these  can  be  given  any  desired  form. 

Another  method  of  accomplishing  the  same  results  is  shown  in  Fig. 
10.  In  this  case  the  volume  of  metal  on  different  sides  of  the  core  Lb 
controlled  by  two  rams.  When  rams  A  and  B  are  forced  in  at  an 
equal  speed,  the  metal  coming  out  around  core  C  will  be  equal  in 
volume  on  all  sides  and  the  pipe  will  be  straight.  If  ram  A  is  made 
to  travel  faster  than  ram  B,  the  volume  of  metal  to  the  right  of  core  C 
will  be  the  greater,  and  the  pipe  will  curve  to  the  left  If  ram  B 
is  made  to  travel  faster  than  A,  the  volume  of  metal  to  the  left  of  core 
C  will  be  the  greater,  and  the  pipe  will  curve  in  the  opposite  direction. 

In  Fig.  11  is  shown  still  another  device  that  performs  the  same  work. 
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In  this  case  ram  A  is  made  in 
at  a  different  speed.  Hence, 
can  be  forced  through  the  ope 
This  causes  the  lead  pipe  to  < 
sired,  or  extrudes  it  in  a  strai 
The  softer  metals  were  alsi 
purposes,  such  as  printers'  le 
glass  windows  (as  shown  in  I 
metal  foil  were  also  produced. 
alloys,  and  many  different  cc 
tougher  and  better  wearing  n 
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such  as  are  used  for  artists' 
made  by  a  similar  process.  A 
with  plunger  B  in  position  to  1 
is  shown  at  the  bottom  of  its  8 
The  grids  or  plates  for  secondf 
process  as  much  as  twenty-fl^ 
strips  of  metal  crossing  each 
as  to  form  hollow  squares.  1 
squares  in  them.  They  were 
which  was  later  cut  up  into  t 
When  metals  or  alloys  with 
lead  and  tin  first  used  were  f 
sion  process,  several  problems 
presented  themselves.  One  of 
of  the  temperature.  It  was  y, 
and  bronzes,  as  they  were   w 


tin  base.    It  was  necesgar^ 
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point,  as  otherwise  it  would  be  difficult  to  cool  the  extruded  shape  to 
the  solid  state  before  it  left  the  die.  Also,  if  the  metal  was  too  soft 
when  being  extruded,  it  would  not  be  subjected  to  the  compression 
required  to  give  it  the  additional  strength  that  made  the  process  really 
valuable.    On  the  other  hand,  if  the  temperature  was  not  high  enougrh. 


Tig,  16.    Steel  and  ABbeetos  Container 

the  metal  would  not  extrude  through  the  die  opening,  and  the  billet 
would  spread  in  the  cylinder  or  container,  grip  the  side  walls,  and  thus 
become  wedged  in. 


/ 
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It  was  also  difficult  to  find  a  metal  for  the  dies  that  would  withstand 
the  strains  produced  by  the  hydraulic  ram,  or  keep  cool  enough  when 
the  heated  metal  was  being  forced  through.  It  was  found,  however, 
that  tungsten  steel  would  not  soften  enough  to  be  pressed  out  of  shape 
when  brasses  and  bronze  were  extruded  at  a  temperature  Just  below 
the  melting  point.  To  maintain  this  temperature  while  the  whole  billet 
was  being  extruded  was,  however,  difficult.     This  difficulty  was  finally 
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overcome  by  designing  specia 
part  of  all  extruding  machine 

BiU 

One  of  the  first  designs  of  t 
.in  England  in  1893.  This  de 
the  billet  of  metal  that  is  b 
container;  C,  a  case  built  a 
through  which  the  flames  fro 
this  apparatus,  copper  and  zii 
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from  800  to  900  degrees  F.,  w 
let  was  inserted  in  the  conta 
was  placed  over  the  end  of  t 
wall  of  the  container  tightly, 
squeezing  back  past  the  ram 
from  metal  with  a  higher  me 
the  metal  being  extruded. 

While  this  device  worked 
was  difficult  to  control  the  cok 
ture.     Another  difficulty  was 
away  from  the  head,  owing  to 
used  to  withstand  the  pressui 
siderable  heat  was  given  out 
the  thick  cylinder  wall  was 
than  the  interior.    This  cause 
frequently  resulted  in  crackg 
billet  container   was   desigv. 
asbestos. 
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One  of  the  first  built-up  containers  is  illustrated  in  Fig.  15.  This  also 
was  designed  by  Mr.  Dick  in  the  same  year  as  the  coke-fired  container. 
Most  of  those  in  use  at  the  present  time  are  built  on  this  principle;  A 
Is  the  billet;  B,  the  tapered  container  that  fits  into  a  tapered  hole  In 
the  built-up  cylinder;  D,  the  ram;  E^  the  openings  between  the  steel 
rings  F,  which  are  packed  full  of  asbestos;  and  G,  the  die  th.roush 
which  the  billet  is  extruded. 

By  surrounding  the  walls  with  several  layers  of  refractory  material. 
like  asbestos,  supported  by  steel  rings,  the  heat  was  prevented  from 
penetrating  the  cylinder  walls.  By  thus  keeping  the  cylinder  at  a 
lower  temperature,  it  had  greater  power  to  resist  the  pressure  from 
the  ram;  and  by  retaining  the  heat  in  the  billet,  its  temperature 
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kept  more  uniform,  and  it  could  be  more  easily  extruded.  This  design 
also  greatly  reduced  the  unequal  expansion  and  contraction  and  the 
consequent  cracking  and  breaking.  These  cylinders,  or  containers, 
enabled  t;he  extrusion  process  of  manufacturing  metal  shapes  to  become 
much  more  of  a  commercial  success,  and  to-day  many  parts  are  being 
manufactured  more  economically  in  this  manner  than  they  formerly 
were  by  casting  in  sand  molds. 

Following  the  Dick  designs,  many  forms  of  billet  containers  have 
been  designed.  Fig.  16  shows  one  in  which  the  outer  case  A  and  steel 
rings  F  were  cast  in  one  piece,    Aft^r  the  billet  container  B  had  been 
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put  into  i>osition,  the  opening 
rials,  and  ring  H  was  screw 
made  from  broken  granite,  sc 
insulating  materials,  and  the 
cast  solidly  around  them.  I 
as  a  separate  piece,  because  tl 
the  container  proper  may  last 
manufacture  cylinders  in  thii 
cast  may  shrink  much  more 
This  is  almost  sure  to  cause  i 
fying.  A  style  in  which  the  c 
After  the  billet  container  B  hi 


y^~^E^ 


Piar.  10.    OontftliMr  'wo 

is  filled  with  refractory  mate: 
materials  through  valve  /,  w 
In  Fig.  19,  lining  B  is  w< 
the  cylinder  clamped  togeth€ 
shown  at  J  is  used,  and  the 
This  retains  the  heat  and  s 
from  bulging  or  cracking  un 
The  rings  of  asbestos  may 
in  solid,  or  it  may  be  wound 
same  size,  staggered.  A  se 
pearance  of  a  checker  board. 

Bleotricf 
One  of  the  latest  types  of 
be  extruded  can  be  electrical 
die-block  and  the  end  of  the 
is  shown  in  Fig.  20,  Here 
the  billet  container;  (7,  the 
the  winding  of  metallic  tatw, 
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When  metals  are  extruded  at  atmospheric  temperature,  a  higher 
pressure  must  be  used.  The  metal  is  condensed  more  and  the  grain 
greatly  refined.  This  adds  strength,  hardness,  and  toughness  to  the 
metals  to  a  degree  that  it  is  impossible  to  attain  in  other  ways.  One 
illustration  of  the  pressures  required  is  shown  by  the  fact  that  to  ex- 
trude aluminum  at  600  degrees  F.  only  requires  one-fifth  of  the  pr^sure 
that  is  required  at  70  degrees. 

A  Modem  Extrusion  Press 

The  principal  parts  of  a  complete  modern  extrusion  machine  are 
shown  in  detail  in  Figs.  22  and  23.  Nearly  all  of  the  hand  labor  is  done 
away  with  in  this  machine.  It  heats  the  billets  to  the  proper  tempera- 
ture, inserts  them  in  the  container  by  hydraulic  pressure,  and  extrudes 
them  by  the  same  pressure.  Four  gas-heated  furnaces  are  located 
around  a  central  shaft  under  the  extruding  press  so  that  their  tops 
come  a  little  above  the  floor  line.  Three  of  the  furnaces,  when  they  are 
in  the  positions  A,  B  and  C,  are  covered  with  a  disk  screen  E,  that  has 
an  opening  over  each  furnace.  When  starting  the  operations,  the  cold 
billet  is  inserted  in  the  furnace  located  at  A;  cover  F,  containing  a 
vent-hole,  is  placed  over  it,  and  the  furnace  revolved  to  the  position  at 
B.  It  is  next  revolved  to  the  position  at  (7,  and  while  in  the  positions 
B  and  C,  other  billets  are  being  extruded.  After  this,  it  is  turned  to 
the  position  at  D. 

The  cylinder  is  then  revolved  on  trunnions  to  the  position  shown  at 
O;  cover  H  is  placed  over  it,  and  billet  I  is  pushed  up  into  it  by  hy- 
draulic piston  J  raising  loose  block  K  from  the  bottom  of  the  furnace 
where  billet  /  rests  on  it.  The  gas  for  heating  the  furnaces  enters  the 
hollow  shaft  on  which  they  revolve,  and  passes  out  through  ports  and 
piping  to  each  of  the  four  furnaces.  The  air  passes  through  ports  sur- 
rounding this  hollow  central  shaft  and  then  through  pipes  to  the  dif- 
ferent furnaces.  After  the  billet  is  in  the  cylinder,  this  is  again  revolved 
on  its  trunnions  to  the  extruding  position;  projection  L,  on  disk  cover 
E,  prevents  the  billet  from  falling  out  while  the  cylinder  is  being 
revolved. 

With  the  extrusion  cylinder  in  position,  fluid  is  admitted  under  pres- 
sure to  the  hydraulic  cylinder  through  port  M.  This  moves  the  hollow 
piston  N  forward  and  first  transmits  power  to  the  device  0  and  rod  P 
and  causes  part  Q  to  butt  against  extrusion  cylinder  O  and  hold  it 
firmly  in  Its  seat  against  the  die  and  die-holder  R.  Container  cover  H 
has,  of  course,  been  removed.  Now,  ram  8  acts  on  billet  /  and  extrudes 
it  through  die  R.  When  the  ram  has  reached  the  end  of  its  stroke,  the 
fluid  is  allowed  to  escape  through  port  T  and  with  the  other  mechanism 
attached,  the  ram  is  brought  back  to  the  starting  position  hy  weights 
attached  to  chains  (7. 

In  this  machine,  as  well  as  in  others,  a  small  end  of  the  billet  can- 
not be  extruded.  This  part  often  sticks  in  the,  cylinder,  but  it  Is  easily 
removed  by  turning  the  cylinder  over  the  furnace  at  D  and  turning  on 
the  gas,  so  as  to  melt  it  out.    With  this  machine  many  alloys  can  be 
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extruded  that  could  not  be  used  with  the  cruder  and  simpler  machines 
formerly   employed. 

Several  new  extrusion  presses  have  also  been  brought  out  abroad. 
Those  best  known  in  Germany  are  built  by  the  firm  of  Friedr.  Krupp 
A.  G.,  Grusonwerk  in  Magdeburg-Buckau.  The  methods  and  processes 
used  in  connection  with  one  of  these  machines  will  be  described  in  the 
following.  The  complete  installation  consists  of  a  foundry  for  pro- 
ducing the  metal  blocks,  a  heating  furnace,  and  a  hydraulic  press  and 
pumping  arrangement. 

The  CastinfiT  of  the  Metal  Blocks 

The  metal  blocks  are  cast  in  long  sections  and  are  afterwards  cut 
up  into  pieces  of  suitable  size  for  the  presses.  The  blocks  are  cast  in 
permanent  molds,  and  in  order  that  as  smooth  a  surface  as  possible  may 


Fiff.  S4.    Seotioii  through  the  Heating  Fumaoe 

be  obtained,  it  is  necessary  that  the  inside  of  the  mold  be  of  a  close- 
grained  metal,  free  from  flaws.  In  order  to  still  further  insure  against 
blow-holes  or  porous  parts  in  the  cast  blocks,  the  molds  are  covered  on 
the  inside  with  a  preparation,  the  same  as  is  done  in  the  casting  of 
copper  and  brass  in  general. 

After  the  blocks  are  cast  and  cut  into  parts,  they  are  Inspected  for 
defects,  and  any  burrs  or  fins  that  may  be  present  are  removed  by 
chisels  or  scraping.  Special  care  must  be  used  in  producing  hollow 
parts  for  pipe.  In  this  case,  it  is  especially  important  that  the  core 
be  central  with  the  outside,  in  order  that  homogeneous  walls  of  uni- 
form thickness  may  be  obtained  in  the  extruded  pipe. 

Heatingr  the  Metal  Blocks 

The  metal  blocks  are  heated  in  a  special  furnace  which  should  be 

placed  close  to  the  extrusion  press.    The  important  feature  about  the 

heating  is  that  the  block  must  be  heated  clear  through  to  the  center. 

and  not  be  brought  to  the  press  when  merely  the  Bu*rface  has  been 
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brought  to  the  required  temperature.  A  furnace  used  for  heating  the 
blocks  is  illustrated  in  Fig.  24.  The  blocks  are  inserted  at  the  end 
opposite  the  grate,  and  roll  by  gravity  down  the  somewhat  inclined 
surface  toward  the  flre-box.  When  the  required  temperature  is  ob- 
tained, they  are  pulled  out  through  an  opening  at  the  side.  In  order 
that  good  results  may  be  obtained  in  the  extrusion  process,  it  is  impor- 
tant that  the  blocks  do  not  come  in  contact  with  the  brickwork  of  the 
furnace.  The  surface  on  which  the  blocks  rest  is,  therefore,  covered 
with  a  cast-iron  plate.    The  length  of  the  furnace  is  made  to  suit  the 
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capacity  and  speed  of  the  action  of  the  press.  The  width  is  usually 
made  about  three  feet  The  heated  blocks  are  most  conveniently  trans- 
ferred from  the  furnace  to  the  press  by  means  of  an  overhead  trolley. 

The  Hydraulic  Extrusion  Press 
The  hydraulic  extrusion  press  shown  in  Fig.  25  is  of  the  horizontal 
type.  The  press  consists  mainly  of  the  hydraulic  cylinder,  the  dies, 
the  pressure  chamber  or  extrusion  cylinder,  and  a  head  which  holds 
the  dies.  Four  heavy  connecting  bars  tie  this  head  to  the  hydraulic 
cylinder.  The  pressure  chamber  is  located  between  the  head  and  the 
hydraulic  cylinder  and  moves  on  four  guide  bars. 

TABLB  I.     OBNBRAIi  DIMBN8IONB  OF  BXTRU8ION  FBB8SB8 

Smaller  Larger 

DimeniioDB                                              Size  Size 

Total  pressure,  pounds 1,430,000  2,200,000 

Maximum  pressure,  pounds  per  sq.  in. . . .          3770  4125 

Diam.  of  hydraulic  cyl.,  inches 22  26 

Stroke,  inches  27%  31% 

Diam.  of  extrusion  cyl.,  inches 4%  5% 

Max.  diam.  of  extruded  bars,  inches 2  2% 

Required  horsepower 100-150  175-225 

These  presses  are  built  in  two  sizes,  the  main  dimensions  of  which 
are  given  in  Table  I.  The  output  of  the  presses  varies  according  to  the 
size  and  form  of  the  cross-section  of  the  different  extruded  shapes. 
With  trained  operators  and  simple  cross-sectional  shapes,  it  is  possible 
to  extrude  about  20,000  pounds  of  metal  in  ten  hours  in  the  small-size 
press  and  35,000  pounds  in  the  larger  press.     This  output  cannot  be 
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obtained,  however,  when  tubing  of  difficult  sections  is  being  extruded. 
The  figures  given  above  correspond  to  two  hundred  press  operations  in 
ten  hours.  In  order  to  be  able  to  maintain  this  efficiency  the  press 
chamber  must  be  sufficiently  heated  at  the  beginning  of  the  work  and 
there  must  be  no  interruption  in  the  operation.  For  the  complete 
installation  required  for  one  press*  four  men  are  necessary,  one  of 
whom  works  at  the  furnace. 

Details  of  the  Hydraulic  Press 

The  hydraulic  cylinder  is  made  of  steel  casting  and  lined  on  the 
inside  with  a  copper  bushing.  The  pressure  chamber  is  made  of  so- 
called  "Krupp  special"  steel  which  even  when  heated  has  a  high  ten- 
sional  strength.  This  chamber  or  cylinder  is  forged  and  is  provided 
with  a  Jacket  of  steel  casting.  Between  the  pressure  chamber  and 
jacket  an  open  space  is  provided  through  which  the  heated  gases  from 
the  fire-place  arranged  beneath  the  pressure  chamber  can  pass.  By  this 
means  the  chamber  is  heated  to  the  required  temperature,  the  gases 
from  the  combustion  escaping  through  a  pipe  above  the  pressure  cham- 
ber into  the  chimney.  The  required  temperature  to  which  the  pressure 
chamber  should  be  heated  by  external  means  is  about  600  degrees  F. 
This  heat  is  required  so  that  the  metal  blocks  which  are  heated  to  some 
1650  or  1800  degrees  F.  may  not  be  suddenly  cooled.  Should  sudden 
cooling  take  place,  the  surface  of  the  metal  block  may  lose  its  plasticity 
and  the  extrusion  may  either  be  unduly  delayed  or  be  made  entirely 
impossible.  The  high  temperature  of  the  walls  of  the  pressure  chamber, 
while  the  extrusion  takes  place,  requires  an  especially  high  quality  of 
metal,  and  it  has  been  proved  in  a  number  of  instances  that  forged 
Krupp  special  steel  answers  the  requirements  better,  than  any  other 
known  material. 

In  order  to  prevent  too  high  a  pressure  in  the  hydraulic  cylinder,  a 
safety  valve  is  provided  on  the  pump  which  opens  at  a  pressure  of 
about  4500  pounds  per  square  inch.  In  order  to  instantly  relieve  the 
pressure  In  the  hydraulic  cylinder,  a  releasing  valve  is  Inserted  between 
the  pump  and  the  controlling  valve  on  the  machine. 

The  dies  containing  the  shape  for  the  extruded  form  are  held  in 
the  head.  This  latter  takes  the  pressure  during  the  extrusion  process. 
One  of  the  greatest  difficulties  in  the  past  with  machines  of  this  type 
has  been  to  remove  the  remainder  of  the  metal  block  in  the  pressure 
chamber  when  operations  are  suspended  or  when  practically  all  thf 
metal  has  been  extruded.  Part  of  the  metal  would  usually  be  pressed 
in  between  the  joints,  solidify  and  make  the  removal  of  the  various 
parts  difficult.  In  the  Krupp  press  this  difficulty  is  taken  care  of 
as  follows:  As  already  mentioned  the  pressure  chamber  is  placed 
between  the  head  and  the  hydraulic  cylinder,  but  is  movable  on  four 
guide  rods.  A  tapered  hole  is  provided  in  the  pressure  chamber  in  the 
end  towards  the  head,  and  the  dies  are  formed  with  a  corresponding 
taper.  An  auxiliary  hydraulic  cylinder  is  provided  at  the  right-hand 
end  of  the  press  In  Fig.  25,  and  the  pressure  chamber  is  connected  with 
the  piston  of  the  auxiliary  cylinder  by  means  of  a  cross-head  and  two 


Digitized  by'VjOOQlC 


24 


No.  iJo^THE  EXTRUSION  OF  METALS 


connecting-rods.  By  this  means  the  pressure  chamber  can  be  operated. 
Before  the  beginning  of  the  extrusion,  the  pressure  chamber  is  forced 
against  the  die  by  means  of  this  auxiliary  cylinder,  and  due  to  the 
tapered  hole  and  the  tapered  end  of  the  die  a  very  close-fitting  joint  is 
provided,  so  that  the  metal,  during  the  extrusion  process,  cannot  enter 
between  th«>  two  surfaces.  At  the  end  of  the  eictruslon,  the  auxlUarj 
cylimli^r  opp.ratea  the  t>ressure  (jhamber  \n  the  opposite  dlrectioii,  thua 
oi>ening  up  a  apace  between  the  die  and  the  pressure  chamber  and  mak* 
jng  it  possible  to  easily  remove  the  renminiag  metal  from  the  top  of 
the  die. 

The  press  van  b^  operated   with  conaiderable  rapidity.     For  slmpte 
shapes.   It  Is  possible   to  go  through   the  complete  cycle  of  operatioiia 

TA1J1.E  II.     JNFLDBNOH  OF  THS  EXTRUejON  eROCSSS  OM  TBM 
PROPEKTlMa  OF  MSTAiS 


Metnl 
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84,000 
63.CK)0-7 1,000 
83,000-^38,000 

9^.000 
60,000-yi  000 

36^0 
10 
4  8 

38 

for  one  siietal  block  In  thref  miautos,  this  time  beJng  divided  aa  foK 
losses:  Putting  the  raetal  block  into  the  pressure  chamber,  1  minute 
:!5  seconds;  extrusion^  BO  seconds;  opening  up  the  space  between  the 
p]>-ssure  chamber  and  die.  H>  seconds;  removing  the  remaining  metal, 
15  sieonds;  and  returning  to  the  original  position,  20  seconds  The 
elTicf  of  the  extrusion  pruc<^i?4>  gn  the  tensile  Btrenglh  of  varloya  metala 
i;^  inilU'ared  by  Table  H. 

Examples  of  Worlc  Produoed  by  the  EitruBlon  Procese 

Thr  ha[r-Ti)ne  iiluatration  Fi^.  SQ  shofts  sections  maDufactured  by 
Uw  extrusion  proresg  by  tlip  Coe  Brass  Mfg.  Co.,  Anaonla,  Conn,,  the 
V  r<ll-known  makers  of  extruded  shapes.  Various  special  forms  of  angles 
are  made  in  this  uuy.  Gears,  ratchet  wheels,  gear  racks,  padlock  iias|»s» 
and  oth' r  special  shapts  aro  turned  out  in  long  bare  which  are  after* 
wards  sawed  up  to  give  the  pieces  their  required  thickness.  Moldings 
have  also  been  made  for  the  Navy  Department  An  extruded  angle 
that  was  made  for  the  Navy  had  a  tensile  strength  of  85,000  pounds 
per  square  inch,  an  elastic  limit  of  33,800  pounds  per  square  inch,  an 
elongation  in  8  inches  of  18.1  per  cent  and  a  reduction  of  area  of  20 
per  cent.    Some  quite  intricate  shapes  have  been  made. 

Where  parts,  such  as  flat  lock  keys,  can  he  made  in  the  punch  press, 
they  can  be  made  cheaper  this  way  than  by  the  extrusion  process. 
Such  parts  as  the  ha&p  on  padlocks,  however,  are  made  more  econom* 
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ically  by  the  extrusion  process,  as  they  would  be  difficult  to  punch  out 
owing  to  their  thickness.  There  are  also  numerous  other  lock  parts 
that  are  cheaply  made  from  extruded  metal.  The  extruded  shapes  can 
be  made  to  within  0.0005  inch  of  the  correct  size.  This  makes  the  pro- 
cess very  useful  for  parts  that  would  otherwise  have  to  be  machined. 

Metals  and  Metal  Alloys  used  in  the  Bxtrusion  Process 

In  the  extrusion  of  metals  it  is  natural  that  lead  should  have  been 
the  one  first  used,  as  this  is  the  most  plastic  of  metals.  Lead  in  the 
form  of  filings  can  be  compi-essed  into  solid  metal  with  13  tons  pressure 
to  the  square  inch.  It  will  flow  through  all  the  cracks  of  the  apparatus, 
like  liquid,  when  a  pressure  of  32  tons  per  square  inch  is  applied  to  it. 
Its  plasticity  as  compared  with  that  of  other  metals  is  shown  by  the 
fact  that  powdered  tin  can  be  made  into  solid  metal  with  a  pressure  of 
19  tons  per  square  inch;  copper,  with  33  tons;  zinc,  antimony,  alumi- 
num and  bismuth  with  38  tons,  while  other  metals  require  consider- 
ably greater  pressure  than  this.  Tin  would  flow  through  the  cracks 
of  the  apparatus  like  liquid  at  a  pressure  of  47  tons  per  square  Inch, 
and  the  other  metals  at  a  considerably  higher  pressure.  Lead  and  tin. 
or  any  alloys  that  might  be  made  from  them,  however,  have  very  little 
strength  and  thus  their  use  has  been  limited. 

While  copper  Is  very  malleable,  ductile  and  tough,  and  consequently 
would  flow  freely  through  a  die  under  pressure,  it  has  but  limited 
strength,  and,  consequently,  cannot  be  used  for  very  many  purposes. 
As  lead,  bismuth  or  antimony  have  an  injurious  action  on  copper  and 
make  it  hard,  brittle  and  cold  short,  these  elements  cannot  be  alloyed 
with  it  for  extrusion  purposes,  except  in  very  small  quantities.  When 
more  than  0.5  per  cent  lead  Is  added  to  copper  it  makes  it  both  hot 
and  cold  short,  and  it  cannot  be  worked  hot;  0.2  per  cent  lead,  however, 
may  be  present  without  impairing  the  tenacity  of  copper.  Tin  in  small 
quantities  does  not  appear  to  affect  the  working  properties  of  copper, 
except  to  make  it  somewhat  harder.  Larger  percentages  of  tin,  how- 
ever, would  render  copper  too  hard  for  extrusion  purposes,  and  would 
give  it  a  flaky  grain  that  weakens  the  metal.  When  zinc  is  alloyed 
with  copper,  1  per  cent  zinc  will  make  the  copper  hard  and  red  short, 
but  20  per  cent  zinc  alloyed  with  80  per  cent  copper  will  produce  an 
exceedingly  malleable  alloy.  Small  percentages  of  zinc  do  not  alter  the 
character  of  copper  in  other  ways.  The  zinc  also  produces  a  greater 
tensile  strength. 

An  alloy  composed  of  55  per  cent  copper  and  45  per  cent  zinc  was 
the  flrst  comparatively  strong  metal  that  was  used  for  extrusion  pur- 
poses. This  is  also  one  of  the  most  common  alloys  used  at  the  present 
time.  The  brasses  that  contain  from  50  to  60  per  cent  copper  and  40 
to  50  per  cent  zinc  are  the  most  plastic,  and  hence  are  the  alloys  most 
frequently  used  for  extruded  metals.  The  brasses  containing  from  75 
to  85  per  cent  copper  are  malleable  while  hot,  but  are  rather  too  hard 
to  extrude  easily,  while  the  brasses  containing  from  62  to  76  per  cent 
copper  are  not  malleable  at  a  red  heat  and  hence  are  difficult  to  extrude. 

Small  quantities  of  iron  add  strength  to  the  brasses  and  do  not  make 
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chem  difficult  to  extrude;  hence  Delt] 
similar  alloys  can  be  used  in  the  extn 
used  in  small  percentages,  makes  coii 
per  cent  is  used,  and  hence  the  aluml 
per  cent  of  aluminum  are  the  most 
taining  90  per  cent  copper  and  10  per  cc 
cent  copper,  10  per  cent  zinc,  and  5  i 
but  ordinarily  the  copper  content  Is  ki 
aluminum  bronzes,  however,  a  tensile  i 
pounds  per  square  inch  is  obtained,  wii 
to  60,000  pounds,  an  elongation  in  8  in 
reduction  of  area  of  about  20  per  cent, 
made  for  the  Government  have  shown 
Pure  zinc  can  be  greatly  strengthen 
ducted  in  the  proper  way.  If  the  area 
the  area  of  the  zinc  billet  to  be  extrud 
temperature  of  the  metal  is  kept  bet^^ 
the  extruded  metal  is  submitted  to  a 
pounds  per  square  inch,  the  coarse  cry: 
zinc  is  transformed  into  a  fine  grain,  s 
ties  of  brass.  A  tensile  strength  of  29 
be  obtained  in  this  way  and  an  elongj 
For  comparison,  ordinary  zinc  only 
pounds  per  square  inch  and  almost  no 
in  the  extruded  condition  can  also  b 
tools  and  it  ie  quite  malleable  and  flex 
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THE  HXTRUSION  OP  SHELLS  AND  TUBES 

Just  because  a  diemaker  miscalculated  a  little,  leaving  the  face  of 
a  punch  too  long,  there  Is  a  growing  corporation  doing  business  in  a 
comparatively  new  field  of  metal  goods  manufacturing.  This,  in  a  nut- 
shell,  explains  the  existence  of  the  Metallic  Shell  &  Tube  Co.,  of  Paw- 
tucket,  R.  I.>  although  the  whole  story  is  somewhat  longer. 

In  1903,  George  W.  Lee  was  located  in  Bingbamton,  N.  T.^  engaged 
In  the  manufacture  of  the  familiar  one-piece  collar  button  shown  at  A 
Fig.  27.  After  a  short  time  It  became  apparent  that  by  means  of  such 
machines  as  the  multiple  plunger  press  others  were  turning  out  collar 


Fig*.  27.  A.  Ck>llar  Button;  B,  Fastener;  O,  Improved  Fastener.  Fiff.  98. 
A.  Dlo  for  Fastener,  -with  Work  in  Place;  B.  Die  intended  to  i>rodaoe  a  Fastener 
of  Improved  Deeiirn.  sbowlnir  Pieoe  aotoally  produced. 

buttons  by  the  ton  so  cheaply  that  he  could  not  compete  with  them. 
Naturally,  he  began  to  look  around  for  some  other  similar  product  that 
he  could  manufacture  with  his  equipment  of  presses,  shears  and  tools, 
and  he  hit  upon  the  idea  of  a  fastener,  part  of  which  is  shown  at  B, 
Fig.  27.  He  immediately  patented  this  "bachelor's  button,"  and  com- 
menced to  manufacture  it  on  a  small  scale. 

After  getting  fairly  well  started,  it  occurred  to  him  that  if  he  made 
a  slight  change  in  his  dies,  so  as  to  give  the  face  of  the  button  the 
appearance  indicated  at  C,  Fig.  27,  the  product  would  have  a  more 
finished  appearance,  without  Increasing  the  cost  of  manufacture.  The 
dies  for  the  button  appeared  about  as  shown  at  A,  Fig.  28,  in  which 
the  aluminum  blanks,  %  inch  in  diameter,  were  placed  and  formed  in 
the  usual  manner.  To  obtain  the  improved  shape  of  the  face  of  the 
button,  he  assumed  that  it  would  only  be  necessary  to  leave  a  small 
projection  on  the  punch.    He  then  made  a  punch  with  the  projection 
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left  a  little  longer  than  he  had  intended,  but  he  concluded  to  try  it  out. 
To  his  amazement,  he  found  that  instead  of  the  slightly  changed 
button  that  he  had  expected,  he  had  a  tube  about  %  inch  long,  with 
the  flanged  face  of  the  button  intact,  as  shown  at  B,  Fig.  28.  He  pon- 
dered over  the  matter,  tried  more  blanks  in  this  die,  with  the  same 
results,  and  decided  that  the  explanation  was  that  the  metal,  being 
confined  on  all  sides  except  for  the  annular  opening  formed  by  the 
opening  in  the  die  and  the  projection  of  the  punch,  had  to  go  through 
this  space  when  pressure  was  applied. 

With  this  principle  in  mind,  he  tried  several  other  experiments  along 
the  same  lines,  and  finally  applied  for  patents  on  the  process  of  ex- 
truding tubular  metal  bodies  by  means  of  dies  of  the  type  shown  in 
Fig.  29.  *  When  the  patent  examiner  at  Washington  read  the  specifica- 
tions and  saw  the  drawings,  he  was  incredulous,  and  before  allowing 


Flff.  so.    Lee's  Method  of  Making  Tabular  Articlee.  Patented  In  1900.    A, 
the  Die  with  Blank  in  Poeltton;  B.  the  Btztruded  Shell 

the  patents,  Lee  was  obliged  to  make  several  tubes  for  the  examiner; 
after  furnishing  affidavits  as  to  his  work,  the  patents  were  allowed. 
During  the  next  four  years  Lee  worked  incessantly  on  the  process,  but 
with  little  real  success. 

At  this  point  Mr.  Leslie  E.  Hooker  and  three  other  men  bought  the 
patent  rights  of  Lee  and  organized  a  company  to  make  a  commercial 
success  of  the  extrusion  process.  Mr.  Hooker  had  been  watching  the 
experimental  work  for  some  time.  He  took  out  several  patents  on 
improvements,  and  started  a  factory  in  Pawtucket,  R.  I.,  where  at 
present  the  extrusion  process  is  being  worked  successfully.  The 
company  is  making  tubes  and  shells  in  large  quantities,  and  as  manu- 
facturers and  designers  a^e  becoming  more  and  more  aware  of  the 
value  of  extruded  work,  the  prospects  seem  unusually  bright  for  the 
future. 

General  Outline  of  the  Process 

Since  George  W.  Lee  stumbled  over  the  extrusion  process  in  1903, 
many  changes  have  been  made  in  the  details  of  the  methods,  but  in 
general  the  principles  are  the  same.  Briefiy  stated,  the  extrusion  of 
tubular  bodies  is  accomplished  by  confining  a  metal  blank  within  a 
strong  cylindrical  chamber  whose  only  outlet  is  through  an  annular 
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opening  at  the  bottom,  formed  by  the  projection  on  the  punch  and  the 
hole  in  the  bottom  of  the  die.  The  size  of  this  opening  may  be  made 
of  any  required  dimension,  so  that  tubes  and  phells  of  different  meas- 
urements can  be  made. 

Figs.  30  and  31  illustrate  the  features  of  dies  for  extruding  tubular 
shapes.  The  containing  ring  is  shown  at  A,  the  lower  die  at  B,  and  the 
punch  at  C\  part  D  is  the  former.  In  Figs.  29  to  32  inclusive,  the  die 
rings,  dies  and  punches  only  are  shown,  for  they  are  the  vital  parts 
of  the  apparatus.  In  Figs.  30  and  31  the  blanks  are  shown  at  F,  just 
after  the  extruding  operation  has  started. 

Fig.  30  shows  a  plain  flat  blank  being  extruded,  but  as  the  process 
was  developed  it  was  found  better  In  every  way  to  use  a  cup-shaped 
blank  like  that  shown  in  Fig.  31.    This  shape  of  blank  takes  no  longer 


Fiff.  80.    Bxtrodinr  from  a  Flat 
Blank 


Fiff.  81.    Bxtradlxiff  Crom  a  Onp- 
shaped  Blank 


to  make  than  the  flat  blank,  if  cut  and  drawn  in  one  operation.  The 
chief  advantage  in  using  the  cup-shaped  blank  lies  in  the  fact  that 
the  metal  extrudes  more  easily,  for  the  work  is  distributed  over  a 
longer  space.  This  fact  is  more  readily  apparent  by  noting  the  differ- 
ences in  the  distances  traveled  by  the  punches  in  Figs.  30  and  31. 
There  is,  however,  a  limit  to  the  proportions  of  this  cup,  for  if  made 
too  deep  and  narrow,  the  punch  will  be  too  weak  to  stand  the  strain; 
if  made  too  shallow,  on  the  other  hand,  the  object  of  cupping  will  be 
defeated.  In  general,  the  walls  of  the  cup  should  be  from  3/32  to  1/8 
inch;  from  3/8  to  1/2  inch  is  a  proper  depth  for  the  cup.  In  some 
instances,  as  in  cartridge  case  making,  it  is  desirable  to  have  the 
bottom  of  the  tube  as  thick  as  possible,  in  which  case  the  cup  is  made 
without  reducing  the  thickness  of  the  bottom.  In  nearly  every  tube, 
however,  it  is  advantageous  to  have  the  bottom  of  the  finished  tube 
of  the  same  thickness  as  the  walls  of  the  tube;  therefore,  after  cupping. 
the  bottom  is  thinned  down  by  stamping,  and  the  top  edge  of  the  cup 
is  chamfered  toward  the  inside  at  the  same  operation. 

Suppose  a  shell  is  wanted  with  tapering  walls,  thickest  near  the 
bottom,  as  in  the  cartridge  work  illustrated  at  P,  Q,  R,  and  8  in  Fig.  34. 
To  produce  this  effect,  as  indicated  at  K,  the  former  is  made  with  its 
sides  sharply  tapered  towards  the  point,  as  shown  in  Fig.  32.  Then, 
when  the  former  enters  the  die  opening,  the  space  around  the  former 
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is  quite  large,  and  the  walla  of  the  tube  at  this  point  will  be  corre- 
spondingly thick,  as  shown  at  A.  At  the  end  of  the  stroke,  illustrated 
at  B,  the  space  around  the  former  is  very  narrow,  because  the  thick 
part  of  the  former  has  entered  the  hole  in  the  die  through  which  the 
tube  is  being  extruded.  At  this  point,  then,  the  walls  of  the  tube  will 
be  very  thin.  To  be  a  little  more  specific,  let  us  assume  that  we  wish 
to  make  a  shell  or  tube,  six  inches  in  length,  the  walls  of  which  are 
to  be  1/16  inch  thick  at  the  base  and  1/64  inch  thick  at  the  top.  The 
former  is  3/8  inch  in  diameter  at  its  widest  point    As  there  is  a  differ- 


Fiff.  82.    Makinr  TubM  with 
Taper  Walla 


Fig'.  88.    Comparlaon  of  Tuba- 
making  Methods 


ence  of  3/64  inch  In  the  thickness  of  the  walls  of  the  tube,  there  must 
be  twice  this  amount  of  difference  in  the  diameters  of  the  former  at 
its  end  and  base.  Therefore,  the  former  for  this  tube  must  measure 
9/32  inch  at  the  end,  to  produce  the  tube  shown  in  Pig.  32. 

Some  idea  of  the  speed  at  which  the  tubes  are  extruded  from  the 
dies  may  be  obtained  by  observing  the  fact  that  in  extruding  an  18-inch 
tube,  the  punch  moves  but  %  inch.  As  most  extruding  is  done  without 
using  geared  presses,  the  tube  metal  moves  the  18  inches  In  a  very 
small  fraction  of  a  second,  generating  a  good  deal  of  heat  while  doing 
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so.     The  operators  of  the  presses  are  very  careful  to  keep  out  of  the 
way  of  the  tubes  £hat  are  being  extruded. 

PresBes  for  Extrudlner 
Nearly  all  types  of  presses  or  extrusion  machines,  as  they  are  com- 
monly called,  have  been  tried — power  presses,  drop  presses,  screw 
presses  and  even  steam  hammers.  Hydraulic  presses  have  not  yet  been 
used  to  any  extent  on  tubular  work,  because  large  sized  work  has  not 
yet  been  attempted.  Drop  presses  are  not  satisfactory  on  account  of 
the  shock  of  the  blow  and  the  consequent  shortening  of  the  lives  of 
the  dies.  The  wear  and  tear  on  the  dies  is  great,  even  under  the  most 
favorable  conditions,  so  that  It  is  important  that  everything  possible 
should  be  done  to  lighten  their  work.  Screw  presses  are  very  powerful, 
and  the  shock  of  the  blow  is  not  excessive,  but  it  is  difficult  to  strike 
exactly  the  same  blow  each  time,  especially  with  the  German  type  of 
press  using  the  friction  drive;  therefore,  their  use  has  been  given  up. 
Steam  hammers,  of  course,  are  out  of  the  question  for  several  very 
apparent  reasons. 


Plir.  84.    Mlooellaneous  Bzamplea  of  Bxtruded  Work 

So  far.  the  most  satisfactory  style  of  press  seems  to  be  the  crank 
press,  of  the  geared  or  plain  type.  There  is  the  danger  of  springing 
the  shaft,  but  on  the  whole  this  type  seems  to  be  as  good  as  any. 
Ferracute  presses  are  used  for  extruding,  and  so  are  Bliss  presses. 
Small  tubes  may  be  extruded  on  Bliss  No.  52  presses,  and  for  heavier 
work  the  No.  37  Bliss  press  of  the  geared  type  is  very  satisfactory. 
These  presses  have  strokes  of  1^  inch,  which  seems  to  meet  all  re- 
quirements. 

Metals  used  in  Tubular  Fxtrusion 

It  is  almost  needless  to  say  that  the  softer  the  metal  is,  the  easier 
it  may  be  extruded.  Naturally,  then,  lead  is  the  easiest  metal  to 
extrude,  and  it  is  used  to  a  great  extent  in  alloys  that  contain  small 
percentages  of  other  metals,  for  making  collapsible  tubes  and  similar 
goods.  Pure  tin  is  still  more  used  for  the  better  grade  of  collapsible 
tubes. 

Aluminum  comes  next  in  order,  and  in  fact,  there  is  no  better  metal 
to  extrude,  if  aluminum  will  meet  the  requirements  of  the  work  for 
which  the  shell  is  to  be  used.     There  is  one  slight  disadvantage  in 
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copper.  The  better  the  grade  of  the  metal,  the  better  it  will  extrude,  al- 
though ordinary  commercial  copper  works  very  well.  Lard  oil  is  used 
as  a  lubricant  The  better  mixtures  of  brass  can  be  extruded  fairly  well, 
although  not  as  well  as  copper.  For  this  reason  a  metal  consisting  of  70 
per  cent  copper  and  30  per  cent  zinc  is  a  better  metal  for  this  purpose 
than  the  "two-and-one"  mixture  for  brass.  In  short,  the  more  copper  in 
the  brass,  the  better. 

Gilding  metal,  containing  mostly  copper  In  its  composition,  is  a  good 
metal  to  extrude.  This  metal  is  used  largely  by  the  jewelry  trade  as  a 
base  upon  which  to  gold-plate;  hence  its  name.  Pure  gold  will  work 
well  in  the  extrusion  process,  but  14-carat  gold  cannot  be  extruded  at 
all;  it  is  too  tough.  The  reason  for  this  is  not  very  clear,  as  copper  is 
used  in  the  14-carat  gold  alloy;  but  the  iact  remains  chat  gold  and 
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copper,  two  soft  metals  in  themselves,  make  a  very  tough  alloy.  So 
far,  it  has  been  found  Impossible  to  extrude  iron  or  steel,  as  the  dies 
give  out  under  the  extreme  pressure  required. 

The  effect  of  extrusion  upon  the  structure  of  the  metal  being  worked 
is  beneficial,  in  that  the  grain  of  the  metal  is  toughened  and  made 
much  stronger.  To  start  with,  the  metal  is  soft.  After  the  blanking 
and  cupping  process,  the  cups  are  annealed.  When  the  tubes  come 
through  the  dies  they  are  as  tough  and  springy  as  could  be  desired, 
and  still  they  are  not  brittle. 

When  extruding  thin  tubes,  especially  of  ihe  softer  metals,  holes 
are  punched  through  the  bottoms  of  the  cups  to  let  the  air  Into  the 
tubes  while  they  are  being  extruded;  otherwise  the  air  pressure  from 
without  would  cause  a  tube  with  thin  walls  to  collapse,  because  the 
interior  would  be  almost  a  perfect  vacuum.  Of  course,  if  the  bottom 
of  the  tube  must  be  kept  intact,  this  method  cannot  be  adopted.  The 
effect  of  the  air  pressure  is  well  illustrated  by  the  flattened  tube  shown 
at  W,  Fig.  36. 
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A  Modem  Extrusion  Die 
Fiz.  37  represents  a  modern  style  of  die  lor  extruding  tubular  metal 
shapes.  As  will  be  noticed,  the  principles  are  the  same  as  in  the  orig- 
inal Lee  dies,  although  several  details  have  been  changed  and  a  few 
features  added.  In  this  illustration,  A  represents  the  bed  of  the  press; 
B  is  a  bolster  in  which  the  hardened  steel  bushing  C  is  a  very  hard 
driving  fit.  Bolted  to  the  bolster  is  the  die  shoe  E  which  is  shrunk 
around  the  die  ring  D.  By  shrinking  the  die  shoe  around  the  die  ring, 
a  very  tight  fit  is  assured.  Another  important  reason  is  that  the  tem- 
peor  of  the  high-speed  steel  die  ring  can,  by  being  mounted  in  this  way, 
be  drawn  Just  enough  to  leave  the  die  tough,  enabling  it  to  stand  the 
strains  incident  to  its  use.  The  die  ring  is  ground  out  after  hardening 
and  a  bushing  F  is  fitted.  This  bushing  is  a  very  important  part  of 
the  die,  for  in  the  old-style  dies,  when  the  interior  of  the  die  gave  out, 
a  new  die  ring  was  required.  If  a  bushing  now  breaks,  it  merely 
means  that  a  new  one  is  to  be  slipped  in,  without  even  taking  the  die 
from  the  press.  These  bushings  may  be  made  several  at  a  time  and 
kept  in  readiness  for  an  emergency.  It  is  very  essential  that  the 
Inclined  face  of  this  bushing  be  polished  very  smooth,  and  that  the 
edge  of  the  hole  be  slightly  rounded,  so  as  to  help  the  metal  to  form 
itself  into  the  shape  of  the  tube.  The  size  of  the  hole  in  this  bushing 
governs  the  size  of  the  tube,  and  it  must  be  ground  to  size  and  lapped 
to  a  smooth  finish. 

The  Punch  and  Former 

Second  in  importance  only  to  the  die,  is  the  punch  and  former.  It 
is  the  function  of  these  parts  to  force  the  metal  to  fiow  through 
the  hole  in  the  die  and  to  form  the  inside  of  the  tube  or  shell  being 
extruded.  The  punch  O  is  really  a  removable  tip  to  the  punch  body  /, 
being  held  to  it  by  the  taper  sleeve  or  nut  H.  The  reason  for  having 
the  punch  in  two  parts  is  to  make  it  easieor  to  replace  in  case  of  break- 
age— there  are  plenty  of  breakages  in  extrusion  tools.  The  end  of  the 
punch  is  turned  off  on  a  bevel  to  agree  with  the  face  of  the  die,  and 
this  surface  must  be  just  as  highly  polished  as  that  of  the  die.  The 
outside  of  the  punch  must  be  a  close  sliding  fit  in  the  die  ring,  for 
if  it  is  loose  there  will  be  danger  of  its  breaking. 

The  former  L  sizes  the  Inside  of  the  extruded  tube,  and  as  the  metal 
is  constantly  slipping  past  its  end,  it  is  polished  very  highly,  as 
is  also  the  inclined  face  of  the  punch  itself.  An  important  feature  of 
the  former  is  its  independent  movement  with  relation  to  the  punch. 
The  internal  end  of  the  former  is  threaded  into  the  bushing  /  which 
is  free  to  slide  within  the  punch  body  /,  but  is  prevented  from  turning 
by  the  screw  K,  engaging  a  groove  in  the ,  bushing.  When  the  cup- 
shaped  blank  is  struck  by  the  punch,  former  L  is  pushed  back  to  the 
position  shown  in  Fig.  37.  As  the  metal  flows  inward,  a  tremendous 
pressure  is  brought  to  bear  on  the  former  in  a  downward  direction, 
and  on  the  punch  in  an  upward  direction.  This  pressure  often  breaks 
the  solidly  combined  punches  and  formers.  In  this  die,  the  pressure 
carries  the  former  and  its  sliding  bushing  down  into  the  tube,  and  by 
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the  time  the  limit  of  the  movement  is  reached,  the  extrusion  process 
has  had  a  fair  chance  to  start,  and  the  pressure  is  consequently  di- 
minished. 

The  Slide  and  the  Stripping  Punch 

After  each  extruding  operation  there  is  a  thin  washer-like  piece  of 
scrap  left  in  the  dies  and  attached  to  the  tube,  for  it  is  impossible  to 
extrude  every  particle  of  the  metal.  The  means  taken  to  clear  the  die 
of  this  scrap  are  interesting.  The  body  of  the  punch  /  is  driven  into 
a  slide  0,  which  works  in  the  head-block  M.  This  block  is,  in  turn, 
bolted  to  the  -ram  of  the  press.  The  travel  of  slide  O  is  limited  by  two 
stops,  one  of  which  is  shown  at  Q.  Into  the  head-block  is  driven  a 
block  of  hardened  steel  P,  directly  in  line  with  the  dies  below.  When 
slide  O  is  at  one  end  of  its  travel,  the  punch  is  backed  up  by  this 
block.  At  the  other  extreme  of  the  travel  of  the  slide,  stripping  punch- 
base  T  comes  in  line  with  the  die  and  consequently  is  also,  in  its  turn, 
backed  up  by  block  P.  A  threaded  hole  in  base  T  receives  the  stripping 
punch  R  which  at  its  lower  end  has  a  bushing  8,  the  diameter  of  which 
is  midway  between  that  of  the  hole  in  the  die  and  that  of  the  inside 
of  the  tube.  After  the  tube  has  been  extruded,  the  slide  is  moved  to 
its  other  position,  bringing  the  stripping  punch  R  in  line  with  the  die. 
At  the  next  stroke  of  the  press,  the  stripping  punch  enters  the  die, 
the  front  end  of  the  bushing  severs  the  tube  from  the  scrap,  and  on 
the  return,  the  top  edge  of  the  bushing  catches  the  scrap  and  pulls  it 
out  of  the  die  The  slide  is  then  moved  back  to  its  original  position, 
and  at  the  next  stroke  of  the  press  another  tube  is  extruded.  Thus  it 
will  be  seen  that  every  second  stroke  produces  a  tube  or  shell,  while 
the  intervening  stroke  removes  the  scrap  from  the  die.  After  the 
stripping  punch  becomes  filled  with  these  sorap  washers,  it  is  un- 
screwed from  the  base  and  cleared  of  the  scrap. 

Another  improvement  on  this  extruding  die  is  the  device  beneath 
the  die  for  preventing  the  tubes  from  being  pulled  up  into  the  die 
when  the  stripping  punch  ascends.  This  device  consists  essentially  of 
two  semicircular  leaves  V,  held  together  by  a  spring  W.  These  leaves, 
or  gripping  jaws,  are  supported  by  two  pins  V  which  allow  the  jaws  to 
tip  slightly  downward  when  pushed  from  above.  Therefore  the  tubes 
are  permitted  to  pass  downward  through  the  jaws,  but  the  jaws  resist 
any  upward  pull  by  gripping  the  tube  and  effectually  holding  it. 

After  the  tubes  have  been  extruded,  their  forms  may  be  changed  by 
making  them  square  or  hexagonal,  or  they  may  be  straight  or  spirally 
fluted.  These  operations  are  done  by  running  them  through  dies, 
properly  shaped,  with  punches  of  the  same  shapes  to  support  the  in- 
teriors. Round  tubes  that  must  be  very  straight  and  true  are  some- 
times run  through  round  dies  to  correct  errors.  At  If,  N,  and  O,  Pig. 
34,  are  illustrated  tubes  of  hexagonal  and  square  sections. 

Some  Examples  of  Extruded  Work 

Perhaps  the  most  impressive  pieces  of  tubular  extrusion  done  at  the 
Metallic  Shell  &  Tube  Co.  factory,  are  the  lead  tubes  shown  at  T  and  U, 
Fig.  36.    This  work  really  does  not  require  as  much  skill  to  produce 
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as  the  majority  of  the  extruded  shapes,  but  it  shows  up  well.  These 
tubes,  which  are  36  inches  long,  are  used  as  containers  for  the  explosive 
for  torpedoes.  They  are  cut  to  short  lengths,  and  the  ends  folded  over. 
The  blank,  after  being  cupped,  appears  in  front  of  the  tubes.  Lead  is 
so  easy  to  extrude  that  care  was  not  even  taken  to  chamfer  the  top 
face  of  the  blank. 

For  really  difficult  work  in  this  line,  the  co-pper  tube  Y  in  Fig.  35  is 
a  fine  example.  It  is  but  %  inch  in  diameter  and  is  16  inches  long. 
The  walls  are  less  than  0.010  inch  thick.  Fig.  33  is  shown  for  a 
comparison  of  the  two  methods  of  making  sheet-metal  shells  with 
closed  ends;  A  represents  the  shell  for  a  bicycle  pump  and  is  about  as 
deep  and  narrow  a  shell  as  can  be  successfully  drawn. .  To  make  this 
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shell  from  copper  o»r  brass  would  require  at  least  twelve  operations. 
Contrasted  with  this  piece  of  work  is  the  copper  tube  at  D  which  was 
made  in  three  operations.  In  fact,  it  would  be  impracticable  to  use  more 
than  three  operations  for  extruding  this  tube.  It  would  be  impossible 
to  duplicate  this  tube  by  ordinary  press  drawing  operations. 

Instrument  Cases 

A  very  pretty  illustratio-n  of  an  extruded  product  is  shown  in  the 
aluminum  instrument  case  illustrated  at  D  in  Fig.  38,  together  with 
the  successive  steps  in  its  making.  The  first  operation  consists  in 
blanking  the  disk  A.  The  next  operation  is  to  cup  this  blank  by  punch- 
ing the  center  in  a  die  that  also  forms  the  ornamental  bead  on  the 
end  of  the  tube.  Then  the  blank  is  extruded  to  make  the  tube  C  itself. 
Finally  the  tube  is  trimmed  to  length  and  run  through  the  fluting  die, 
which  completes  the  tube,  straightening  it  as  well.  The  fluting  die  is 
merely  a  thin  die  having  spiral  grooves  in  it.  The  punch,  or  mandrel, 
is  free  to  turn  as  it  pushes  the  tube  through  the  die. 

The  two  parts  of  an  automatic  pencil,  shown  at  E  and  F,  Fig.  38, 
represent  some  neat  specimens  of  the  extrusion  process.  The  core  of 
the  pencil  shown  at  E,  which  has  a  small  hole  running  through  the 
tube  section,  was  first  extruded  with  the  hole  clear  through  the  head. 
Afterward  the  piece  was  put  in  another  die  and  the  head  fianged, 
closing  in  the  end  of  the  hole  at  the  same  time.  The  larger  tube  F 
was  extruded  in  the  usual  manner,  and  the  end  dosed  in  by  another 
operation. 

At  G,  Fig.  38,  is  shown  a  small  aluminum  bullet  Jacket  which  shows 
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the  flange  of  scrap  that  is  left  by  the  dies.  In  this  case,  however,  the 
flange  is  a  necessary  part  of  the  bullet  Jacket. 

The  hat-pin  guard,  shown  at  H  and  /,  is  a  somewhat  unusual  piece 
of  extrusion  work.  The  former  is  made  Just  the  size  of  the  hole;  the 
punch  is  chamfered  off  to  fit  the  ineide  of  the  bell  &nd  the  die  is  of 
the  same  shape  as  the  under  part  of  the  guard.  In  this  case,  as  with 
the  bullet  Jacket,  there  is  no  scrap  and  the  pieces  must  be  taken  frcm 
the  die  either  by  hand  or  by  an  ejector. 

At  J,  Fig.  34,  is  shown  an  electrician's  wire  coupling  used  In  splicing 
breaks  in  a  wire.  This  piece  is  extruded  as  a  plain  round  copper  tube, 
and  then  slightly  flattened  in  the  center  by  a  simple  press  operation. 
The  small  bushing  at  L  shows  that  thick  walls  may  be  extruded  as 
well  as  thin  ones.  At  P,  Q  and  R  are  shown  three  stages  in  making 
a  brass  cartridge  case,  as  already  mentioned.  At  8  the  end  of  the 
shell  has  been  reduced  by  closing-in  in  a  press,  and  the  groove  has  been 
turned  at  the  base  of  the  cartridge. 
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MAKING  OOLIiAPSIBLB  TUBES  BY  THE 
EXTRUSION  PROCESS 

The  extrusion  process  is  extensively  used  for  making  collapsible 
tubes  of  tin  and  lead*  for  containing  dentifrice,  artists'  colors  and  other 
preparations.  The  New  England  Collapsible  Tube  Co.,  of  New  London, 
Conn.,  is  employed  in  the  work  of  making  these  collapsible  tubes.  The 
business  of  the  company  was  originally  established  by  the  late  Dr. 
Sheffield,  in  1850,  as  a  dentifrice  manufacturing  business.  He  made  at 
that  time  only  the  tubes  he  required  in  putting  out  his  preparations. 
Later,  however, 'the  demand  for  good  collapsible  tin  tubes  became  so 
strong  that  the  company  commenced  to  make' them  for  outside  con- 
cerns, and  now  the  tube  department  has  grown  to  be  far  larger  than 
the  dentifrice  department 

The  beat  collapsible  tubes  are  made  from  pure  tin.  Lead  is  often 
used  for  tubes  for  paste,  glue,  and  ink;  but  for  toilet  preparations,  like 
dentifrice,  only  the  purest  tin  is  employed.  Tin  ore  is  found  in  Ger- 
many, Spain,  Russia,  Malacca,  Australia,  Mexico  and  the  United  States. 
The  amount  of  tin  ore  mined  in  the  United  States,  however,  is  very 
small,  and  not  nearly  sufficient  to  meet  the  demands  of  this  country. 
The  very  best  tin  is  obtained  from  the  Straits  of  Malacca,  as  this  tin 
is  particularly  free  from  impurities.  This  is  a  very  important  requisite 
in  tin  for  the  extrusion  of  collapsible  tubes  for  dentifrice,  because 
foreign  matter  would  not  only  cause  the  tubes  to  be  poor,  but  the 
quality  of  the  dentifrice  would  be  affected,  and  moreover  there  would 
be  constant  trouble  from  injury  to  the  dies. 

Fig.  39  illustrates  a  fev/  finished  collapsible  tubes  and  their  caps. 
Those  marked  A  have  been  decorated  by  lithographing;  those  marked 
B  have  been  embossed;  while  those  marked  C  are  plain  tubes  onto 
which  labels  may  be  pasted.  Collapsible  tubes  may  be  made  as  large 
as  2\<i  inches  in  diameter,  and  of  any  length  up  to  9  inches.  The 
thickness  of  the  walls  of  the  tubes  ranges  from  0.005  inch  to  0.010  inch, 
varying  with  the  size  of  the  tube.  If  desired,  raised  lettering  may  be 
produced  upon  the  shoulder  of  the  tube.  The  opening  in  the  top  of 
the  tube  may  be  of  any  size,  either  round  or  oblong  in  shape. 

The  cold  extrusion  of  collapsible  tin  tubes  is  totally  different  from 
the  hot  extrusion  process  for  solid  shapes  described  in  Chapter  I,  and 
it  is  Just  the  reverse  of  the  cold  tubular  process  described  in  Chapter  II. 
The  extrusion  of  tin.  however,  is  much  more  easily  accomplished  than 
the  extrusion  of  copper  and  brass.  Briefly  stated,  collapsible  tin  tubes 
are  made  by  placing  a  round  blank  of  tin  in  a  dlercavity  shaped  like 
the  head  of  the  tubepfftnd  of  the  same  internal  diameter  as  the  external 
diameter  of  the  tube  to  be  made.  Then  a  punch,  whose  greatest  diam- 
eter is  the  same  as  the  inside  diameter  of  the  tube,  comes  down  on 
the  blank.  It  forces  the  metal  into  the  bottom  of  the  die,  and  squeezes 
the  excess  metal  upward  through  the  narrow  annular  opening  between 
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